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(57) Abstract 

A new superfamily of protein kinases has been discovered that centers around eukaryotic elongation factor-2 kinase (eEF-2 
kinase). The proetin kinases of this new superfamily have the following characteristics: 1) sequence similarity to eEF-2 kinase; 2) no 
sequence similarity to the protein kinases of cither the serine/threonine/tyrosine kinase or histidine kinase superfamily; and, 3) specifically 
phosphorylates a-helical regions of proteins as opposed to /?-tums, as seen in all other protein kinases. Assays have been developed utilizing 
eEF-2 kinase and a phosphorylation target consisting of a novel a-helical 16-amino acid peptide sequence to facilitate high-throughput 
screening for compounds that can specifically inhibit this protein kinase that has been implicated tumor growth and other hyperproliferative 
disorders. Additionally, the disclosed invention includes assessing eEF-2 kinase levels for diagnostic purposes, and therapeutic formulations 
to inhibit eEG-2 kinase activity. 



BNiSDOCiD <WO_. 9909199A2J_ 




FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgywtan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID <W0 99091 99A2 I > 



wo 99/09199 




PCT/US98/17272 



ELONGATION FACTOR-2 KINASE (EF-2 KINASE) AND METHODS OF 

USE THEREFOR 

FIELD OF THE INVENTION 
This invention relates generally to the identification ol a new superfamily of eukaryotic 
protein kinases and the use of one member of this superfamily, elongation factor-2 
kinase (eEF-2 kinase), in assays to screen for specific inhibitors. Specifically, this 
invention provides an isolated nucleic acid encoding a heart protein kinase, a melanoma 
protein kinase and a ch4 protein kinase. Specific inhibitors of the eEF-2 kinase may be 
potent therapeutics for amelioration of malignant transformation. Additionally, 
sequences complementary to eEF-2 kinase may have therapeutic efficacy as antisense 
drugs or be used in gene therapy. Specifically, the invention relates to assays developed 
using the recombinant eEF-2 kinase to screen for inhibitors of phosphorylation of a 
peptide derived from the myosin heavy chain (MHC) protein. 

BACKGROUND OF THE INVENTION 
Protein phosphorylation plays a critical role in many cellular processes (Krebs (1994) 
Trends Biochem. Sa\ 19:439; Hanks and Hunter, (1996) FASEB J. 9:576-596; Hardie 
20 and Hanks, (1995) The Protein Kinase Facts Book (Academic, London)). There are 
two well-characterized superfamilies of protein kinases, with most of the protein 
kinases belonging to the serine/threonine/tyrosinc kinase superfamily (Hanks and 
Hunter, (1996); Hardie and Hanks, (1995)). The characterization of several hundred 
members of this superfamily revealed that they all share a similar structural 
25 organization of their catalytic domains which consist of twelve conserved subdomains 
(Hanks and Hunter, (1996); Hardie and Hanks, (1995)). The other superfamily is 
referred to as the hisiidine kinase superfamily and is involved in the prokaryotic two- 
component signal transduction system, acting as sensor components (Stock et al., 
(\9S9) Microbiol. Rev. 53:450-490; Parkinson and Kofoid, (\992) Anna . Rev. Genet. 
30 26:71-112; Swanson. et al., (1994) Trends Biochcm. Sci. 19:485-490). Recently, 
eukaryotic members of this superfamily have also been described (Chang et al., (1993) 
Science 263:539-544: Ota and Varshavsky, (1993) Science 262:566-569; Maeda et aL, 



10 
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U994) Nature 369:242-245). Mitochondrial protein kinases have also recently been 
described that show structural homology to the histidine kinases, but phosphorylate 
their substrates on serine (Popov et al., (1992) J. Biol. Chem. 267:13127-13130: Popov 
et al., (1993) J. Biol. Chem. 268:26602-22606). Finally, several new protein kinases 
5 have been reported that show a lack of homology with either of the kinase superfamilies 
(Maru and Wiite, (1991) Cell 67:459-468: Beelcr et al., (1994) MoL Cell, Biol. 
14:982-988; Dikslein et al., (1996) Cell 84:781-790; Fuley et al., (1995) 7. Biol. 
Chem. 270:523-529; Eichenger et al., (1996) EMBO J. 15:5547-5556). However, 
these protein kinases are viewed as an exception to the general rule as they have yet to 
10 be fully characterized. 

The cloning and sequencing of the extensively ciiaracterized eukaryotic elongation 
factor-2 kinase (eEF-2 kinase) from a variety of eukaryotic organisms has now revealed 
the existence of a novel class of protein kinases (Ryazanov et al., (1997) Proc, Natl. 

15 Acad. Sci., 94:4884-4889). eEF-2 kinase, previously known as Ca^*/calmodulin- 
dependent protein kinase III, is highly specific for phosphorylation of elongation factor- 
2 (eEF-2), an abundant cytoplasmic protein that catalyzes the movement of the 
ribosome along mRNA during translation in eukaryotic cells (reviewed in Ryazanov 
and Spirin, (1993) In Translational Regulation of Gene Expression (Plenum, New 

20 York) Vol. 2, pp. 433-455; Nairn and Palfrey, (1996) In Translational Control (CSHL 
Press, New York) pp. 295-318). Ail mammalian tissues, and various invertebrate 
organisms, exhibit cEF-2 kinase activity (Abdelmajid et al., (1993) Int. J. Dev. BioL 
37:279-290). eEF-2 kinase catalyzes the phosphorylation of eEF-2 at two highly 
conserved threonine residues located within a GTP-binding domain (Ryazanov and 

25 Spirin, (1993) In Translational Regulation of Gene Expression (Plenum, New York) 
Vol. 2, pp. 433-455: Nairn and Palfrey, (1996) In Translational Control (CSHL Press, 
New York) pp. 295-318). When eEF-2 is phosphorylated, it becomes inactive with 
respect to protein synthesis (Ryazanov et al., (1988) Nature 334:170-173). Since eEF- 
2 phosphorylation is dependent on Ca' * and calmodulin, eEF-2 kinase plays a pivotal 

30 role in modulating the protein synthesis rate in response to changes in intracellular 
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calcium concentration. Phosphorylation ot eEF-2 has also been linked to the regulation 
of cell cycle piogrcssion. For example, transient phosphorylation of cEF 2 occurs 
during the mitogenic stimulation of quiescent cells (Palfrey et al., (1987) J. Biol. 
Cheuh 262:9785-9792) and during mitosis (Celis et al., (1990) Proc. NatL Acad. Sci., 

5 USA 87:4231-4235). In addition, changes in the level of eEF-2 kinase activity is 
associated with a host of cellular processes such as cellular differentiation (End et al., 
(1982)7. Biol. Chem. 257:9223-9225; Koizumi et al., (1989) FEBS Left. 253:55-58; 
Brady et al., (1990) 7. Neurochem. 54:1034-1039), oogenesis (Severinov et al., (1990) 
New BioL 2: 887-893), and malignant transformation (Bagaglio et al., (1993) Cancer 

10 Res. 53:2260-2264). 

The sequence eEF 2 kinase appears to have no homology to either the Ca^ '/calmodulin- 
dependent protein kinases or to any members of the known protein kmase superfamilies 
(Ryazanov et al., (1997) Proc. Natl. Acad. Sci.. USA 94:4884-4889). However, the 
15 recently described myosin heavy chain kinase A (MHCK A) from Dictyostelium (Futey 
et al., (1995) J. Biol. Chem. 270:523 529) shows a great deal of homology with eEF-2 
kinase These two kinases define a novel class of protein kinases that may represent 
a new superfamily. 

20 Evidence for MHCK and eEF-2 kinase forming the core of a new superfamily is as 
follows. MHCK A fromx Dictyostelium. has a demonstrated role in the regulation of 
myosin assembly (Futey et al., (1995) J. BioL Chem. 270:523-529; Cote et al., (1997) 
J. Biol. Chem. 272:6846-6849). eEF-2 kinase is a ubiquitous Ca" Vcalmodulin- 
dependant protein kinase involved in the regulation of protein synthesis by Ca' 

25 (Redpath et al., (1996) J. Biol. Chem 271:17547-17554; Ryazanov ct al., (1997) Proc. 
Natl. Acad. Sci., USA 94:4884-4889). Both MHCK A and eEF-2 kinase display no 
homology to any of the known protein kinases, but are strikingly similar to each other; 
amines acid sequences of their catalytic domains are 40% identical. Another protein 
kinase homologous lo MHCK A and eEF-2 kinase has recently been identified in 

30 Dictyostelium (Clancy et al., (1997) J. Biol. Chem. 272:11812-11815). and an 
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expressed sequence tag (EST) sequence, with a high degree of similarity to the catalytic 
domain common to bt)th MUCK A and cEF-2 kinase, has been deposited in GenBank 
(clone FC-AN09/accession #C22986). An amino acid sequence alignment of the 
catalytic domains of these new protein kinases is shown in Figure lA. These kinases 
5 have a catalytic domain of approximately 200 amino acids which can be subdivided into 
seven conserved subdomains. Subdomains V, VI, and VII have a predicted P-sheet 
structure and are presumably involved in ATP-binding, while subdomains I through IV 
may be involved in substrate binding and catalysis. These new protein kinases have no 
homology to the members of the eukaryotic serine/threonine/tyrosine protein kinase 

10 superfamily with the exception of the GXGXXG motif in subdomain VI which is 
present in many ATP-binding proteins. Thus, MHCK A, eEF-2 kinase, and related 
protein kinases may represent a new superfamily. Evolutionary analysis of these new 
kinases (Figure IB) reveals that they can be subdivided into 2 families: the eEF-2 
kinase family which includes eEF-2 kinases from different organisms, and the MHCK 

15 family which includes MHCK A, MHCK B and FC-AN09. These two families appear 
to have split more than a billion years ago. 

An interesting question is why does nature employ these unusual kinases to 
phosphorylaie eEF-2 and myosin heavy chains? Perhaps the answer is related to the 

20 secondary structure of the phosphorylation sites. As was originally reported by Small 
et al. (Small et aL, (1977), Biochim, Biophys. Res. Comm. 79:341-346). 
phosphorylation sites are usually located at predicted P-turns. Subsequent studies, 
including X-ray crystallographic data, demonstrated that phosphoacceptor sites in 
substrates of conventional protein kinases are often located in turns or loops and usually 

25 have flexible extended conformation (Knighton el al., (1991) Science 253:414-420; 
Pinna and Ruzzene (1996) Biochim. Biophys. Acta 1314:191-225). In contrast to this, 
the existing evidence suggests that the peptides around phosphorylation sites for eEF-2 
kinases and MHCK A have an a-helical conformation. The two major phosphorylation 
sites for MHCK A are located in a region which has a coiled-coil a-helical structure 

30 (Vaillancourt et al., (1988) J. Biol. Chem. 253:10082-10087). The major 
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phosphorylation site in eEI -2, threonine 56, is located within a sequence which is 
homologous among all translational elongation factors. In the crystal structure of the 
prokaryotic elongation factor HF-Tu, this sequence has an a-helical conformation 
(Polekhina et ai. (1996) Structure 4A\4\A\5l\ Abel et al., (1996) Structure 4:\153- 
5 1159). These facts suggest that eEF-2 kinase and MHCK A differ from conventional 
protein kinases in that they phosphorylate amino acids located within a-helices. 

Thus, in addition to the two well-characterized supcrfamily of eukaryotic protein 
kinases, which phosphorylate amino acids located in loops and turns, there appears to 
10 be a third superfamily of a-helix-directed kinases. 

SUMMARY OF TIIF INVFNTIQN 
In accordance with the present invention, a new superfamily of protein kinases and 
corresponding methods for assaying their phosphorylation activity are disclosed. The 
15 protein kinases of this new superfamily have the following characteristics: 1) No 
significant sequence homology to protein kinases of either the serine/threonine/tyrosine 
kinase or histidine kinase super families: 2) moderate to high (>40%) to eEF-2 kinases 
from any organism; and, 3) phosphorylates an amino acid within an a-helical domain. 

20 The present invention also relates to a recombinant DNA molecule or cloned gene, or 
a degenerate variant thereof, which encodes eEF-2 kinase; preferably a nucleic acid 
molecule, in particular a recombinant DNA molecule or cloned gene, encoding the 
eEF-2 kinase has a nucleotide sequence or is complementary to a DNA sequence shown 
in Figure 5 (SEQ ID NO: 1,3, and 9). 

25 

The present invention also relates to an isolated nucleic acid molecule which encodes 
a heart protein kinase. The present invention also relates to an isolated nucleic acid 
molecule which encodes a melanoma protein kinase. The present invention also relates 
to an isolated nucleic acid molecule which encodes a ch4 protein kinase. 

30 
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The human and murine DNA sequences of the eEF-2 kinase gene of the present 
in\cntion or portions ihereot". may he prepared as probes lo screen tor complementary 
sequences and genomic clones in the same or allen^ate species. The present invention 
extends to probes so prepared that may be provided for screening cDNA and genomic 
5 libraries for the cEF-2 kinase gene. 

The present invention aLso includes eHF-2 kinase proteins having the activities noted 
herein, and that display the amino acid sequences set forth and described above and 
selected from SEQ ID NO: 2, 4, and 10. 

10 

The invention includes an assay system for screening of potential drugs effective at 
attenuating eEF-2 kinase activity of target mammalian cells by interrupting or 
potentiating the phosphorylation of eEF-2. It is a further object of the present invention 
to provide antibodies to the phosphorylated eEF-2 kinase target, and methods for their 
15 preparation, including recombinant means. 

It is a further object of the present invention to provide a method for detecting eEF-2 
kinase activity in mammals in which invasive, spontaneous, or idiopathic pathological 
states are suspected to be present. 

20 

It is a still further object of the present invention to provide a method for the treatment 
of mammals to control the amount or activity of eEF-2 kinase, so as to alter the adverse 
consequences of such presence or activity, or where beneficial, to enhance such 
activity. 

25 

It is a still further object of the present invention to provide a method for the treatment 
of mammals to control the amount or activity of eEF-2 kinase, so as to treat or avert 
the adverse consequences of invasive, spontaneous or idiopathic pathological states. 
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It is a still further object of the picsenl invention to provide pharmaceutical 
compositions for use in therapeutic methods wliich comprise or are based upon a 
sequence coniplemeniary to that of the cEF-Z kinase mRNA, which would form the 
basis for an antisense therapeutic that can reduce expression, and thus activity, of eEF- 
5 2 kinase. 



RRIEF DKSCRIPTION OF THE DRAWINGS 

Figures lA-lB. 

(A) Sequence alignment of the catalytic domains of human eEF-2 
10 kinase. C. elegans eEF-2 kinase, MHCK A, MHCK B and clone FC- 

AN09. Identical amino acids (bold) and conserved hydrophobic amino 
acids (") are noted. (B). Phylogenetic tree of sequences shown in (A), 
with tlic addition of mouse and rai eFF-2 kinases. Tree was obtained 
using the J. Mein method with PAM250 residue weight table. The 
15 following accession numbers were used for the sequences: U93846- 

IJ93850, 1495779, 1170675, 1903458, C22986. 



Figure 2. Expression of recombinant eEF-2 kinase in vitro. Plasmid DNA from 
clones Cefk-L Cefk-2, as well as mouse and human eEF-2 kinase cDNA 
20 were used in the TNT wheat germ extract coupled 

transcription/translation system (Promega). [''SlMcthionine-labeled 
products were then analyzed by SDvS/PAGFL. 

Figure 3. Activity of recombinant eEF 2 kinase in vitro. A large scale (0.5 ml) 
25 reaction using a mixture of Ceftc-I and Cefk-2 plasmids was run as in 

Figure 2, with the omission of labeled methionine. In the control 
experiment, the reaction was run with a plasmid containing a luciferase 
gene. (A) The reaction mixtures were separated by chromatography on 
a Mono Q column as described. (B) eEF-2 kinase activity in fractions 
30 was measured as the ability to phosphorylate purified rabbit eF'F-2 in the 
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presence of [v--^-P]ATP. Purified rabbii reticulocyte eEF-2 kinase was 
used in the ( + ) control experiments. (C) C;r * /calmodulin-dependency 
(^t recombinant C. clci^ans cEF-2 kinase. Mono Q fraction 25 was 
assayed in a standard eHF-2 kinase assay in the presence and absence of 
5 C'^c' and calmodulin and 20 jxM tritluoperazinc (TFP) or /V-(6 

aminohexyl)-5-chloro-l-napthalene-sulfonaniide (W7). (D) 
Ca*'" /calmodulin-dependency of recombinant human cEF-2 kinase. 
Human eEF-2 kinase cDNA was expressed in a coupled 
transcription/translation system as described above and eEF-2 kinase 
10 activity was assayed without further purification. 



Figure 4. Northern blot analysis of tissue distribution of mouse eEF-2 kinase 
mRNA. Northern blots of mouse tissue containing 2 /xg of 
polyadenylated RNA per lane were probed with the random-primed "^^P- 
15 labeled mouse eEF-2 kinase cDNA (31). The major transcript appeared 

at 3.1 kb and minor transcripts at 6.1 and 2.5 kb were also apparent 
(exposure time, 5 days). The same blots were stripped and rehybridized 
with a human eEF-2 cDNA (exposure time, 4 days). 



20 Fiuure 5. 



25 



30 



Sequence alignment of C. elegans, mouse, human eEF-2 kinase, and the 
catalytic domain of Diayostelium discoideum MHCK A. Identical 
amino acids are indicated by dark blue boxed regions and chemically 
conserved amino acids are indicated by light blue shaded regions. 
Amino acids in the human sequence that are identical to the mouse 
sequence are represented by dots. Amino acids underlined in black 
correspond to the six regions that match peptides obtained from the 
sequencing of purified rabbit reticulocyte eEF-2 kinase. The GXGXXG 
nucleotide-binding motif is underlined in red. The blue dashed line over 
residues 625-632 in C elegans eEF-2 kinases designates the amino acids 
corresponding to exon 4. which is missing in Cefk-2. 
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F-igurc 6. Subslialc spccil'icily of cEF 2 kinase and MUCK A. Phosphorylation 
assays containing eEF-2 kinase (\50 ng) or MHCK A (0.2 ptg) and 
either 0.5 fxg rabbit reticulocyte eEF-2 or 0.1 //g Dicts^osielium myosin 
5 were performed under standard conditions except that incubation time 

was extended to 10 min. 

Figure 7. Schematic representation of the structure of mammalian and C. elegans 
eEF-2 kinases and MMCK A. The homologous regions are represented 
10 hy dark shading. The regions of weak similarity are represented by 

light shading. The position t)f the GXGXXG motif is indicated by 
vertical arrows. 

Figure 8. Assay for eEF-2 kinase activity. Recombinant cEE-2 kinase (2 ^g) was 
15 incubated with increasing concentrations of a peptide phosphorylation 

target (RKKGESEKTKTKEFL) in a buffer consisting of 12.5 mM 
Hepes-KOH (pH 7.4), 2.5 mM magnesium acetate, 1.25 mM DTT, 25 
ptM CaCU, 0.5 /xg calmodulin. 100 /xM ATP, and 0.5 /xCi [y-^PJATP 
in a total volume of 50 ^1. Samples were incubated at 30^'C and 
20 aliquois were withdrawn at various time points, and the reaction was 

terminated hy incubation in an ice water bath. The aliquots were then 
spotted onto phosphoccllulose paper (2 cm x 2 cm) and washed (4x4 
min) with 75 mM phosphoric acid. The papers were then rinsed with 
100% ethanol, dried, and then counted in a scintillation counter. 

25 

Figure 9. Sequence alignment of C elegans, mouse, human eEF-2 kinase, and the 
catalytic domain oi' Dicry'ostelium discoideum MHCK A. heart kinase, 
melanoma kinase and ch4 kinase. Identical amino acids are indicated by 
dark blue boxed regions and chemically conserved amino acids are 
30 indicated by light blue shaded regions. 
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Fieure 10. 



10 



pll-dcpcndcnce of eEr-2 kinase activity: eEF-2 kinase activity was 
assayed by phosphor\iaiii)n of the peptide substrate. MH-I at 0.2 pH 
unit intervals from pH 6.0-8.0. 



5 Fisure 1 1 . 



Dependence of protein synthesis on intracellular pH: Protein synthesis 
was measured bu 3 fH] -Leu-pulse incorporation in GH3 cells at various 
pH. Actual intracellular pH was determined by tluorimciric analysis. 



Figure 12. Cytotoxicity assays of clones overexpressing eEF-2 kinase. MTT 
10 assays were done in quadruplicate and the results are presented as mean 

of values obtained. 

Figure 13 Enzymatic activity of recombinant forms of human eEF-2 kinase 
expressed in E, coli, Auioradiograph of kinase assays with recombinant 
15 6xHis-tagged eEF-2 kinase (lanes 1-4)- and GST-tagged-eEF-2 kinase 

(lanes 5-8), Reactions were done with and without eEF-2 (0.5 ^ig), and 
with and without calmodulin (0.5 j.ig). In autophosphorylation assays 
with 6xHis-eEF-2 kinase. 5 |.ig of eEF-2 kinase were used. 



20 Fieure 14 



25 



30 Fiizure 15 



Enzymatic activity of eEF-2 kinase deletion mutants. Autoradiograph 
of eEF-2 kinase assay using total bacterial lysates of eEF-2 kinase 
deletion mutants. eEF-2 kinase assay was performed as described in 
text using 1 /ig of total protein, and reactions were analyzed by 8% 
SDS-PAGE. Labels above lanes designate which amino acids are 
deleted in the mutant being assayed. Deletion of amino acids 51-335 
causes loss of autophosphorylation activity, and a loss of eEF-2 kinase 
activity. Deletion of amino acids 521-725 also causes a loss of eEF-2 
kinase activity. 

Schematic representation of wild-type and mutant eEF-2 kinases. 
Hatched areas represent the putative catalytic domain. Black-shaded 
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areas represent regions ctMiserved between various eHF~2 kinases. 
While-shaded areas represent nonconserved regions. Numbers at the 
top of the schematie represent the amino aeids at the boundaries ot each 
ot these regions. eEF-2 kinase activity and autophosphorylation activity 
5 of each mutant are summarized on the right with ( + ) representing 

presence of activity and (-) representing absence of activity, n/d = not 
determined 



Figures 16A-16B 

10 (A) Ph(\sphorylation ol s>nthetic peptides by eKF-2 kinase. See text for 

experimental details. X-axis = Ume in minutes. Y-axis 
ineoiporation into peptides \n counts pei minute. (B) Sequences of 
peptides corresponding to phosphor\'lation site in Dicfyosiclium myosin 
heavN' chains (MHC. Ml I-l ) and eHI -2. Phosphoacceptor threonines arc 

15 designated by an asterisk. Hehcal wheel representation of both peptides 

is also showni. Phosphoaeeeptor threonines are circled. 

DETAILED DESCRIPTION 
Novel protein kinase inhibitors have the potential to form the basis for pharmaceutical 

20 compositions that can ameliorate malignant transformation. In order to find these 
inhibitors, libraries of chemical compounds are routinely screened using an automated 
protein kinase assay. The drawback to this approach is that most protein kinases have 
a very similar structure, thus making it difficult to specific inhibitors which act solely 
on a particular protein kinase. It was determined the primary structure of eEF-2 

25 kinase, a ubiquitous enzyme which is involved in the regulation of protein synthesis and 
the cell cycle. Unexpectedly, il was found that eEF-2 kinase has a unique structure. 
It has no homology lo any other mammalian protein kinase. This feature makes eEF-2 
kinase an ideal target in the search for a specific protein kinase inhibitor. Since 
prelmiinary evidence suggests that eEF-2 kinase is upregulated in human cancers, 

30 including, but not limited to. breast cancer, identification of specific inhibitors of eEF-2 
kinase can eventually lead to the development of novel anticancer drugs. In order be 
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able to perform a hiuh throughput screen tor an eEF-2 kinase inhibitor, it is first 
necessary to develop a simple assay which is anicnable to automation. The existmg 
assay involves incubation of partially purified eEF-2 kinase along with purified eHF-2 
and [y-'~P]ATP as substrates in the presence of increasing concentrations of candidate 
5 inhibitors. Results are then obtained by electrophoretic separation of the reaction 
mixtures, followed by autoradiography. Results are then quantified by either 
densitometry or scintillation counting of excised bands from the gel containing '"P-eEF- 
2. Clearly, this assay, as it stands, is time-consuming, expensive, and not amenable 
to automation. Furthermore, it is difficult to purify large amounts of native eEF-2 

10 required to perform multiple assays, and attempts to overexpress a recombinant form 
of eEF-2 w^ere unsuccessful as its overexpression was toxic to host strains (personal 
communication from James Bodley. University of Minnesota, Minneapolis). 
Therefore, new methodologies for determining eEF-2 kinase activity were developed, 
which involves the use of a specific peptide substrate: easily and economically 

15 manufactured in large scale. These methods are relatively inexpensive, fast, and can 
be fully automated. 

In the first attempt to use a peptide as an eEF-2 kinase substrate, peptides centered 
around the phosphorylation site of eEF-2 were generated. This strategy did not yield 

20 a peptide that was functional in phosphorylation assays. Surprisingly, it was found that 
a 16'mer peptide (RKKFGESEKTKTKEFL (SEQ ID NO: 20)), based on the 
phosphorylation site o\' Diayostelium discoideum MHC, was an acceptable substrate 
for use with eEF 2 kinase in phosphorylation assays. It is interesting to note that while 
eEF-2 kinase can phosphorylate a peptide derived from MHC, it is not able to 

25 phosphorylate native MHC (Ryazanov ct al., (1997) Proc. Natl Acad. ScL. USA 
94:4884-4889). 

In accordance with the present invention, a new superfamily of protein kinases and 
corresponding methods for assaying their phosphorylation activity arc disclosed. The 
30 protein kinases of this new superfamily have the following characteristics: 1) No 
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signif icant sequence homology lo pnncin kinases of either the serine/threonine/tyrosine 
kinase or histidine kinase super laniiHes: 2) niodeiaie to high ( -40%) to eHF-2 kinases 
trom any organism: and, 3) phosphoryhiies an amino acid within an a-helical domain. 

5 The present invention also relates to a recombinant DNA molecule or cloned gene, or 
a degenerate variant thereof, which encodes eEF-2 kinase; preferably a nucleic acid 
moiecuie, in particular a recombinant DNA molecule or cloned gene, encoding the 
eEF-2 kinase has a nucleotide sequence or is complementary to a DNA sequence shown 
in Figure 5 (SHQ ID NO: 1,3. and 9). 

10 

The human and murnne DNA sequences of the eHF-2 kinase gene of the present 
invention or portions ihereol. may be prepared as pi obes to screen for complementary 
sequences and genomic clones in the same or alternate species. The present invention 
extends to probes so prepared that may be provided for screening cDNA and genomic 

15 libraries for the eEF-2 kinase gene. For example, the probes may be prepared with a 
variety of known vectors, such as the phage X vector. The present invention also 
includes the preparation of plasmids including such vectors, and the use of the DNA 
sequences to construct vectors expressing antisense RNA or ribozymes which would 
attack the mRNAs of any or ail of the DNA sequences set forth in FIGURES 5 (SEQ 

20 ID NO: 1. 3, and 9). Correspondingly, the preparation of antisense RNA and 
ribozymes are included herem. 

The present invention also includes eEF-2 kinase proteins having the activities noted 
herein, and that display the amino acid sequences set forth and described above and 
25 selected from SEQ ID NO: 2, 4, and 10. 

This invention provides an isolated nucleic acid which encodes a heart protein kinase, 
mchiding ai^alogs. fragments, variants, and mutants, thereof. In one embodiment the 
nucleic acid has a nucleotide sequence ha\'ing at least 90% similarity with the nucleic 
30 acid coding sequence as shown in Figure 9.1 n one embodiment the nucleic acid has a 
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nuclecUidt' seLjiiencc lia\ ing al least 85" o similarity w ith tiie nucleic acid coding sequence 
as shown in Figure '^).ln one embodiment the nucleic acid has a nucleotide sequence 
having at least 80% similarity with the nucleic acid coding sequence as shown in Figure 
9. In another embodiment the nucleic acid has the following sequence: 
5 CACTTGACTGC'AGGGA TAAAGAAGAAAATTCTATCCAGGG'I CGC 
AGCCCTGAGACTGAGGCTGGAGGAAAAGGAAAATTCGAGGAAG 
AACTCCATCG'i (iAAGAAGACACCTAAC}TTTGAAAGGTCC I TATC 
CCGCACTG ATGAGAAAAGAG ACCCCAAAAGGGCCCCTTGCAAA 
( i C 1 Ci A A Ci C3 G A A A G C T C C A G 1 A T T C} C I Ci A A G A G G A T C C A G G C G G A 

10 CjA TGGC rCCCGAGCACTC:CGGAAA 1 A'l AAAC}TTGAGCrGCCAG'rTT TCAGA 
AATCCATGAACiACTCTACCGTC'r(iCTGC}AGAAAAGAT'rCCAAGTCGA'i AG 
CCCAGGCCAAGAAAAGCGCAG(Ki(3ACAACTCCAGTGTTTCCTTGGCCATC 
GlCCAAGClGGTCAGAAGGACCACiGGCCrGTATTACTGCTGCCTCAAGAA 
CAGlTATCiGAAAAGTCACTGCTGAGTTTAACCTCACAGCTGAAGTTCTCAA 

15 ACAGCTTTCAAG rCACCAGAAl AC TAGAGCiATGTGAAGAGATTGAATTCA 
GCCAGCTCArCTTCAAAGAAGATGTTTTCAATGACAGCTACTTCGGGGAC 
CACCTACGTGGCCAGATCTCCACGGAGGAGCTTCACTTTGGCGAAGGGGT 
GCACCGCAAAGCTTTCGGGAGCAAGGTGATGCAGGGCCrCATGCCGGTCT 
rCCAGCCCGGCCACGCATGCGIAC TCAAGGTGCACAATGCCGTCGCCCAT 

20 GGGACCAGAAACAATGACGAACITGTGCAGAGGAACTACAAACTGGCTG 
CCCAGGAATGCIACG TGCAGAA lACTGCCAGA lACl ACGCCAAGA TG 1 AC 
GCCCiCTGAAGCACAGCCTCTGGAAGGCTTCGGAGAGGTGCCGGAGATCAT 
rCCTATTTTrn 1 ATCCATCGGCG( GAGAACAACATCCCATATGCCACAGT 
GG AAGAAGAGC TGATTGGAGAAT rCGTGAACJ'l AT'I"CCATCC:GGGACGGGA 

25 /VGGAAATCAAC TTCCTCAGACGAGATTCAGAGGCTGGCCAGAAATGTTGC 
ACCTTCCAGCACTGGGTATACCAGAAAACAAGTGGCTGTCTCCTGGTSAC 
(jGACATGCACKiG I G TGGGAATGAAGTI AAC rGACGTTGGCATAGCAACAC 
TAGC' I AGAGCjG 1 ACAAAGGATl " rAACKiGC AAC: I GTl CCA I GACC^ rrCATT 
GATCAG r iCAGAC iCGCTGCA rCAG rCi TAACAAG l ACTCJTAAAA I GC I GGG 

30 GCTGAAArCCCTICAAAACAACAGCCAGAAGCCCAGGAAGCX.CATCGTCG 
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G^•.AAA(K^CA(i(i(i^^^C•(L^(■AAAC■(i('('AC(i(•AG^^^GAAGAC^ICC 
K IA( iACGCC'(iC ( (. ()( ACIAAAGAAAAAC C"TA(iCC"'l (X'C'TCC I'CC'C rrC'A'I'C 
Ae't'AG'rGAC C ACX AAGCCAGCA'I ( '(.( '( iC:A( i(iCl TC}CGCGTGGACATCT(}C 
AACjCACACAACKiCiACACGAGCCl ( iC ACiGC l GCACiCCGAG'rGCCAGTCCTC 
5 Tc:AGCTCCrATCAClGGCTGrcrGG!GAAA KiAC'AATGGCATGGCTCTTCC: 
AGjAC TAGCC TTGTAGAGAGACTT AGCAOn C TGTTGA ^GC'^CTCAAAGGC 
AGCCCACTG IlTCriGlACACAGC rA( iCCT rrCTAGACACACCCTCCCCTCC 
CACX.XjCATCGTC I A TC rA l CTGTCi I Ci I CGCGC^GTGGTTTGTTGACAAGAG I 
Tc;CC('CGC I GCC" f TCiGCGACl GGC C' AC" i"G'l ( AAAA'I CCTTCCCACCTCGAC' 
10 (:xX:CICACCTCA(-.GATGTTCClCiCA(irCA'lCiAAlGl"(;AA(}TTGTTGTTA'rC 
AG. rC) rCACC'C}A( ( IC rATTGTTG("T(iGAGG(. (iGC I rCXX'AGATGGGAGCCC 
A rTTCCGGCX AG 1 ACGG AGGC A( iC C 7 ( IGC ACAG I GTTC'I G 1 TTCATTAAAT 
1 CA TATn AAGCAAAAAAAAAAAAAAAAAAA 

15 This invention provides a heart protein kinase which has the amino acid sequence as 
lb Hows: 

HLTAGIKKKILSRVAALRLRLEEKEKSRKNSIVKKTPKFERSLSRTDEKRDPKR 
APCKAEGKAPVLLKRIQAEMAPEIISGNIKLSCQFSEIHEDSTVCWTKDSKSIA 
QAKKSAGDNSS VSI -AIVQAGQKDCXil . YYGCI.KNSYGKVTAEFNLTAEVLKO 

20 LSSHQN'rRGC:HEIEl-SOLIFKEUVFNDSYFGDMLRGQlSTEELIIFGHGVMRKAF 
RSKVMOGLMPVFOPGMACVLKV!INAYAI!GTRNNDELVQRNYKFAAOHCY 
VQNTAR^'YAKlYAAEAOPLEGFGFVPFlllPHI.lHRPFNNIPYA'rVEEELlGEFV 
KYSIRDGKEINFLRRDSEAGQKCCTFQllWVYOKFSGCLEVTUMQGVGMKLT 
DVGIATLARGYKGFKGNCSMTFIDQFRALMQCNKYCKMI.GLKSLONNSQKP 

25 RKPlVGKGRVPi"NATQVK'IPESE'H'IV\FRKT 

This invention provides an isolated nucleic acid which encodes a melanoma protein 
kmase. including analogs, fragments, variants, and mutants, thereof. In one embodiment 

the nucleic acid has a nucleotide sequence having at least 00% similarity with the nucleic 
30 acid coding sequence as shown in Figure '■'.In one embodiment the nucleic acid has a 
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luiclccitiLlc sequence ing al least 85" ii similanU' w ith the nucleic iicid coclinu sequence 
as shown in i'iuure ''.in one embodiment the nucleic acid has a nLicieotide sequence 
having at least 80% similant\ with the nucleic acid coding sequence as shown in Figure 
9. On another embodiment the melnoma kinase has the following sequence: 
( }GCACGAGC rCGTCX\ACA\TA r i AC 'l ATTAT rCAGC rOTGCjAAAGAAA I AAC 
CrGATGAGGTTCVICACACjACirA'rrCCCTTCC'.TTCCrGlACCTCCACGAGGCG 
(jCCTGrCACAGrGTCCCGTCTCJCJACiGAGAGTTCTCCCAGTATACTGAArA 
ACAGCA I GTCTIX A I GGTCTCACJC TAGGCC TC'rGTGCCAAAATrGAG'lTTT 
TAAGrAAA(}AGCiAAA'rGGGACKiCGGT'rTAC(3AAGAGCAGTCAAAGTGCT 
( 5TGTACCTGG rC AG AGC ACGATATCCTGAAG rCAGGGCATCTC'I A l A TCAT 
1'AAG l CA'rri CTTCC'rGAGG I GA l AAACACATGGlXvXAGC.'ATTTATAAAGA 
AGATACGGTTCl ACATCTC'rGTCTC'AGAGAAA l ACAACAACAGAGAGCAG 
CACAAAAGCTCACATlTGCCTi l"AATCAGAT(3AAACCCAAArCCATACCA 
TATTCTCCAAGG rTCCTTGAAGTTn CCTG'rTGTACTGCCATTCAGCAGGG 
CAGTGGTTCGCTCiTAGAAGAGTGCATGAC'l GGTGAA ITI AGAAAATACAA 
CA ACAATAATGGTGATG AAATCATTCCTACAA AT ACTCTAGAAGAGATCA 
rGCTAGCCTTTAGCCACTGGACCTATGAATATACCAGAGGGGAGTTACTG 
GTAClTGACrTACAAGGAGTGGGAGAAAACTTGACTGACCCATCTGrAAT 
AAAAGCTGAAGAAAAAAGATCCTCiTGACATGGTT'rrrGGCCCTGCCAATC 
rAGGAGAAGATCiCAATAAAAAACITCAGAGCCAAACATCACTGTAATTCT 
IGCTGTCGAAAGCTTAAACTTCCAGATTTGAAGAGGAATGACTACACGCC 
TGATAAAAT I ATATT'i CCTCAGGA I GAGTCATCAGA nTGAATCTTCAATC 
TGCjAAATTCCACGAAAGAATCACIAAGCAACAAAITCTGTTCGTCTGATGTTA 

25 This invention provides a melanoma kinase protein wliich has the sequence as follows: 
GTSSSTYYYYSAVERNNLMRLSQS1PFVI>VPPRGEPVTVSRLHHSSPSILNNSM 
SSWS0LGI.CAKIHI-LSKEEMGGGI..RRAVKVLCTWSEHD1LKSGHLYI1KSFLPE 

VlNTWSSIYKEDTVLIIl.Cl.RHIOQORAAQKL'ilAFNQMKPKSIPYSPRFLHVFI. 
1 YrHSAGQWI'AVr.FCMTGEFRKYNNNNGDFIIPTNTLEElMLAFSl IWTYEYT 
30 RGELEVLDLOGVGENLTDPSVlKArEKR.SCDMVFGPANLGEDAlKNFR.AKHHC 
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NSCC RKl.KLPDl.KRNDYlPDKllFPODnSSDI.Nl.QSGNSTKHSEA rNSVRLMI. 



This invention provides an isolated nucleic acid which encodes a ch4 protein kinase, 
including analogs. iVagments. variants, and mutants, thereof. In one embodiment the 

.5 nucleic acid has a nucleotide sctjuence having at least 90% similarity with the nucleic 
acid coding sequence as shown in Figure 9. In one embodiment the nucleic acid has a 
nucleotide sequence having at least 85% similarity with the nucleic acid coding sequence 
as shown in Figure 9. In one embodiment the nucleic acid has a nucleotide sequence 
having at least 8()%> similarit\' with the nucleic acid coding sequence as shown in Figure 

10 9. in another embodiment the ch 4 kinase has a nucleic acid which encodes the following 
amino acid sequence: 

MCRKRlRARTSAAliASLRASlLARDCAAAAAIVl-LVDRFLYCiLDVSGKLLQV 
RGLI-IKLQPA rPlAPOVVIRQARlSVNSGKLLKALYILSSLlSNNCjA I G I WLYRN 
HSDKVLVQSVCIQiRGOILOKLGMWYIiAAELlWASIVGYLALPOPDKKGLS'lS 

15 I.GILADIl-VSMSKNDYEKFKNNPQINLLSI.LKi:i-DHHLLSAAEACKLAAAFSA 
YTPLFVLTAVNIRG'rCLLSYSSSNDCPPELKNLHLCEAKFAFKIGLLTKRDDEP 
VTGKQELHSFVKAAFGLTTVHRRLHGETGTVHAASQECKEAMGKLWFSTSSR 
S0DREALSQEVMSV1AQVKEHLQVQSFSNVDDRSYVPESFECIU.DKLILHGQGDF 
OKILDTYSQHH'ISVCEVFESDCGNNKNEOKDAKTGVCITALKTEIKNIDTVST 

20 IQEKPHCQRDTGlSSSLMGKNVQREI.RRGGRRNWTHSDAFRVSEDOnVETET 
EPSDYSNGEGAVFNKSLSGSQTSSAWSNESGFSSSASWEEVNYHVDDRSARK 
EP(3KEHI..VD'i QCS i ALSEELENDRHGRAMllSLHSQLHDLSLOEPNNDNLEPS 
ONQPQOQMPLTPFSPHN'rPGIFLAPGAGLLECJAPEGlQEVRNMGPRN'lSAHSR 
PSYRSASWSSDSCiRPKNMGrilPSVQKEEAFEIIVEFPETNCDVKDRQGKEQGE 

25 EISERGAGPTIKASPSWVDPEGETAESTEDAPLDFHRVEHNSLGNISMLPCSSF 
1 PNWPVQNPDSRKSGGPVAEQGIDPDASTVDEEGOELDSMDVPCTNGHGSH 
RLCILROPPfiOKACTPNSSVSGNILFPVLSEDGTTTEEGNOPGNMLNCSQNSSS 
SSVWWLKSPAFSSGSSF.GDSPWSYINSSGSSWVSLPGKMRKEILEARTEQPD 
DFEKI.LAGVRHD\\ LFQRI,FN 1 CiVl-kPSQLHRAHSLLLKYSKKSELVv' lAQETl 

30 VYI.GDYLTVKKKGRQRNAFWVHIlLHOEEll.GRYVGKDYKEQKGLWHHFlD 
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\T-RUNrrAOHVVTnFNKRLYI-Q\Iin'QIFYIPS TIIJJIJ-DKTIKGCIS 
I'VKLSNN'rKX'VK ri:YKATEYGLA>'01IFSYr;) SN 
CiLJYi;rDPO]HS\n.)QKVFTTNFGKR(iIFYFFNNK^)HVIICNTJCHRLS^ 

5 In a further embodiment of the invention, the full DNA sequence of the recombinant 
DNA molecule or cloned gene so determined may be operatively linked to an 
expression control sequence which may he introduced into an appropriate host. The 
invention accordingly extends to unicellular hosts transformed with the cloned gene or 
recombinant DNA molecule comprising a DNA sequence encoding eEF-2 kinase, and 
10 more particularly, the complete DNA sequence determined from the sequences set forth 
above and in SEQ ID NO: 1, 3. and 9. 

According to other preferred features of certain preferred embodiments of the present 
invention, a recombinant expression system is provided to produce biologically active 
15 animal or human eEF-2 kinase. 

The present invention naturally contemplates several means for preparation of eEF-2 
kinase, including as illustrated herein known recombinant tecliniques, and the invention 
is accordingly intended to cover such synthetic preparations within its scope. The 
20 isolation of the cDNA and amino acid sequences disclosed herein facilitates the 
production of eEF-2 kinase by such recombinant techniques, and accordingly, the 
invention extends to expression vectors prepared from the disclosed DNA sequences 
for expression in host systems by recombinant DNA techniques, and to the resulting 
transformed hosts. 

25 

The invention includes an assay system for screening of potential drugs effective at 
attenuating eEF-2 kinase activity of target mammalian cells by interrupting or 
potentiating the phosphorylation of eEF-2. In one instance, the test drug could be 
administered to a cellular sample along with ATP carrying a detectable label on its y- 
30 phosphate that gets transferred to eEF 2, or a peptide substrate, by eEF-2 kinase. 
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Quantification ot" the labeled eFF-2 or peptide substrate is diagnostic of the candidate 
drug's efficacy. A lurther embodiment would provide for the assay to be performed 
using a purely in vino system comprised of eHF-2 kinase , AIT or labeled ATP, eHF-2 
or peptide analog o!" a portion of eEF-2 or MFIC. appropriate buffer, and detection 
5 reagents and/or instrumentation to detect and quantify the extent of eEF-2 kinase- 
directed phosphorylation activity.. 

The assay system could more importantly be adapted to identify drugs or other entities 
that are capable ol" bindmg to the eEI*-2 kinase and/or its cognate phosphorylation 

10 target (e.g. eEF-2). either in the cytoplasm or in the nucleus, thereby inhibiting or 
potentiating eFF-2 kinase activity and its resultant plienotypic outcome. Such an assay 
would be useful in the development of drugs that would be specific against particular 
cellular activity, or that would potentiate such activity, in time or in level of activity. 
For example, such drugs might be used to treat various carcinomas or other 

15 hypcrproliferitive pathologies. 

The present invention likewise extends to antibodies against specifically phosphorylated 
cEF-2 kinase targets (e.g. eEF-2 or peptide), including naturally raised and 
rccombinantly prepared antibodies. These antibodies and there labeled counteiparts are 
20 included within the scope of the present invention for their particular ability in detecting 
eEF-2 kinase activity via detection of the phosphorylated product by ELISA or any 
other immunoassay known to the skilled artisan. 

In the instance where a radioactive label, such as the isotopes Mi, ''^C, ^'P, ^'^S, 
25 ''^Cl, • 'Cr, ^'Co, ''Co, "'Fe, '"^'Y, ^^T, 'I, and ''^'Re are u.sed. known currently available 
counting procedures may be utilized. In the instance where the label is an enzyme, 
detection may be accomplished by any of the presently utilized colorimetric. 
spectrophotCMnetric, tluorospectrophotometric, amperometric or gasometric techniques 
known in the art. 

30 
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In a lurthcr embodiment, the present invention coniemplaies aniagonisis of the activity 
of eEF-2 kinase. In particular, an agent or molecule that inhibits phosphorylation of 
eEF-2. In a specific embodiment, the antagonist can be a peptide comprising 
sequences, or sequence variants adjacent to, and including, the phosphorylation site in 
5 either cEF-2 or MHC. It is anticipated that these peptides would be competitive 
inhibitors of eEF-2 kinase's cognate target. 

In still a further embodiment, the invention contemplates antisense drugs such that 
sequences complementary to the eEF-2 kinase mRNA inhibit production of functional 
eEF-2 kinase. In a specific embodiment, the antisense drug may be a complementary 

10 oligonucleotide (DNA, RNA, or hybrid thereof), which may or may not be modified 
so as to have the following characteristics: 1) enhanced hybridization kinetics; 2) 
tighter binding to complementary sequence than its unmodified counterpart; and/or, 3) 
resistance to nucleases. In another specific embodiment, the antisense drug may be a 
complementary oligonucleotide (DNA, RNA, or hybrid thereof), that has the ability to 

15 cleave its target sequence either by ribozyme, or ribozyme-like, activity, or by nuclease 
activity imparted on the antisense drug by physical attachment to anyone of a number 
of nucleases. 

More specifically, the therapeutic method generally referred to herein could include the 
20 method for the treatment of various pathologies or other cellular dysfunctions and 
derangements by the administration of pharmaceutical compositions that may comprise 
effective inhibitors of eEF-2 kinase activity, or other equally effective drugs developed 
for instance by a drug screening assay prepared and used in accordance with a further 
aspect of the present invention. 

25 

Accordingly, it is a principal object of the present invention to provide a method and 
an associated assay system for screening potential inhibitors of eEF-2 kinase activity. 

It is a further object ol the present invention to provide antibodies to the phosphorylated 
30 eEF-2 kinase target, and methods for their preparation, including recombinant means. 
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Ii is a further object of the present invention lo provide a method for detecting eEF-2 
kinase activity in manimals in which invasive, spontaneous, or idiopathic pathological 
slates are suspected to be present. 

5 It is a still further object of the present invention to provide a method for the treatment 
of mammals to control the amount or activity of cEF-2 kinase, so as to alter the adverse 
consequences of such presence or activity, or where beneficial, to enhance such 
activity. 

10 It is a still further object of tlie present invention to provide a method for the treatment 
of mammals to control the amount or activity of eHF-2 kinase, so as to treat or avert 
the adverse consequences of invasive, spontaneous or idiopathic pathological states. 

It is a still further object of the present invention to provide pharmaceutical 
15 compositions for use in therapeutic methods which comprise or are based upon a 
sequence complementary to that of the cEF-2 kinase mRNA, which would form the 
basis for an antisense therapeutic that can reduce expression, and thus activity, of eEF- 
2 kinase. 

20 It is yet another object of the invention to provide pharmaceutical compositions for use 
in therapeutic methods wiiich comprise or are based upon peptide analogs of eEF-2 
phosphorylation target amino acid sequences. It is anticipated that certain peptide 
analogs may act as efficacious competitive inhibitors of eEF-2 phosphorylation. 

25 In accordance with the present invention there may be employed conventional molecular 
biology, microbiology, and recombinant DNA techniques within the skill of the art. Such 
techniques are explained fully in the literature. See, e.g., Sambrook et al. "Molecular 

Cloning: A Faboraloiy Manual" (1^)8^.)): "Current Protocols in Molecular Biology" 
Volumes I-Ill |AusubcL R. M.. cd. (1994)]: "Cell Biology: A Laboratory Handbook" 
30 Volumes I-lII [i E. Celis. ed. (1994))]: "Current Protocols in Immunology" Volumes I- 
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III IColigan. J. IL. cd. (19^;4)|: "Oliuoiniclcotidc Synthesis" (M..I. Gait ed. 1984): 
"Nucleic Acid 1 1\ brkii/alion" |B.I). 1 lames tV: S.J. I liLigins cds. (1^)S5)|. "I'ranscription 
And translation" \U.D. I lames & S.J. Miggms. cds. ( 1984)1: "Animal Cell Culture" [R.I. 
Freshney. cd. (1986)]: "Immobilized Cells And Enz> mes" |1RL Press. ( 1986)|; B. PcrbaL 
5 "A Practical Guide To Molecular Cloning" ( 1 984). 

Therefore, if appearing herein, the following terms shall have the defmilions set out 
below. 

10 Tlie terms "elongation ractor-2 kinase". "enF~2 kinase ". "EF-2 kinase". "Cefls.". and any 
variants not specifically listed, may be used herein interchangeably, and as used 
throughout the present application and claims refer lo proteinaceous material including 
single or multiple proteins, and extends to those proteins having the amino acid sequence 
data described herein and presented in FICJURES 1 and 5 (SEQ ID NO: 2. 4, 6, 8. 10. 12. 

15 abd 14). and the profile of activities set forth herein and in the Claims. Accordingly, 
proteins displaying substantially equivalent or altered activity are likewise contemplated. 
These modifications may be deliberate, for example, such as modifications obtained 
through site-directed mutagenesis, or may be accidental, such as those obtained through 
mutations in hosts that are producers of the complex or its named subunits. Also, the 

20 terms elongation facior-2 kinase". "eEF-2 kinase". "EF-2 kinase", and "Ceil<" are 
intended to include within their scope proteins speciilcally recited herein as well as all 
substantially homologous analogs and allelic variations. 

The amino acid residues described herein are preferred to be in the "E" isomeric form. 
25 llowever. residues in the "D" isomeric form can be substituted for any L-amino acid 
residue, as long as the desired fractional property of immunoglobulin-binding is retained 
by the polypeptide. NFE refers to the free amino group present at the amino terminus of 
a polypeptide. COOM refers to the free carboxy group present at the carboxy terminus 
of a polypeptide. In keeping with standard polypeptide nomenclature,./. Biol. Chem.^ 
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243 3552-59 ( 1969). abbreviations tor amino acid residues arc sbown in the following 
Table of Correspondence: 



fABLL: OI CORRnSPONDHNCF. 



5 


SYMBOL 




AMINO ACID 




1 -Letter 


3 -Letter 






^' 


Tyr 


tyrosine 




(i 


Gly 


glycine 




F 


I'he 


phenylalanine 


10 


M 


Met 


methionine 




A 


Ala 


alanine 




s 


Ser 


serine 




1 


lie 


isoieucine 




L. 


Leu 


leucine 


15 


1 


Thr 


threonine 




V 


Val 


valine 




P 


Pro 


proline 




K 


Lys 


lysine 




H 


His 


histidine 


20 


Q 


Gin 


glulamine 






Glu 


glutamic acid 




w 


Trp 


tryptophan 




R 


Arg 


arginine 




I) 


Asp 


aspartic acid 


25 


N 


Asn 


asparagine 




C 


Cys 


cysteine 



It should be noted that all amino-acid residue sequences are represented herein by 
formulae whose left and right orientation is in tlie conventional direction of amino- 
30 terminus to carbox> -terminus. Furthermore, it should be noted that a dash at the 
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bcuinning or end ol ati amino acid residue sequence indicates a peptide bond to a further 
sequence ofc^ne or more ammc^-acid residues. The abo\ e Table is presented to correlate 
the ihree-lettei- and (^ne-letter notations which nia\ appear alternately herein. 

5 A "replicon" is any genetic element (e.g.. plasmid, chromosome, virus) that functions as 
an autonomous unit ot DNA replication /// vivo: i.e.. capable ol' replication under its own 
control. 

A "vector" is a replicon. such as plasmid. phage or cosmid. to which another DNA 
10 segment may be attached so as to bring about the replication of the attached segment. 

A "DNA molecule" refers to the polymeric form (^1^ deoxyribonucleotides (adenine, 
guanine, thymine, or cytosine) in its either single stranded form, or a double-stranded 
helix. This term refers only to the primary and secondary structure of the molecule, and 

1 5 does not limit it to an> particular tertiary forms. Thtis. this term includes double-stranded 
DNA found, ififcr alia, in linear DNA molecules (e.g.. restriction fragments), viruses, 
plasmids. and chromosomes. In discussing the structure of particular double-stranded 
DNA molecules, sequences may be described herein according to the nomial convention 
of giving only the sequence in the 5* to 3' direction along the nontranscribed strand of 

20 DNA {i.e., the strand having a sequence homologous to the mRNA). 

An "origin of replication" refers to those DNA sequences that participate in DNA 
synthesis. 

25 A DNA "coding sequence" is a double-stranded DNA sequence which is transcribed and 
translated into a pol\'pcptide in vivo when placed under the control of appropriate 
regulatory sequences. The boundaries of the coding sequence are determined by a start 
codon at the 5' (amino) terminus and a translation stop codon at the 3' (carboxyl) 

terminus. A coding sequence can include, but is not Hmited to. prokaryotic sequences. 
30 cDNA from eukar\olic mRNA. genomic DNA sequences from cukaryotic (e.g.. 
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25 

mammalian) DNA, and even synthetic DNA sequences. A polyadenylalion signal and 
transcription termination seciuence will iisiialU be located 3' to the coding sequence. 



Transcriptional and translational control sequences are DNA regulatory sequences, such 
5 as promoters, enhancers, polyadenylation signals, terminators, and the like, that provide 
for the expression oi'a coding sequence in a host cell. 



A "promoter sequence" is a DNA regulatory region ciipable ol* binding RNA polymerase 
in a cell and initiating transcription ofa dcnvnstream (3' direction) coding sequence. For 

10 purposes ol deHning the present invention, the promoter sequence is bounded at its 3' 
terminus b>' the transcription initiation site and extends upstream (5' direction) to include 
Ihe minimum number of bases or elements necessarx' to initiate transcription at levels 
detectable above background. Wilhin the promoter sequence will be found a 
transcription initiation site (conveniently dciined by mapping with nuclease SI ), as well 

15 as protein binding domains (consensus sequences) responsible for the binding of RNA 
polymera.se. pAikaryotic promoters w'ill often, but not always, contain "TA'f A" boxes and 
"CAT" boxes. Prokaryotic promoters contain Shine-Dalgarno sequences in addition to 
the -10 and -35 consensus sequences. 



20 An "expression control sequence" is a DNA sequence that controls and regulates the 
transcription and translation of another DNA sequence. A coding sequence is "under the 
control" of transcriptional and translational contiol sequences in a cell when RNA 
polymerase transcribes the coding sequence into mRNA. which is then translated into the 
protein encoded by the coding .sequence. 

25 

A "signal sequence" can be included before the coding sequence. This sequence encodes 
a signal peptide. N-terminal to the polypeptide, that communicates to the host cell to 
direct the polypeptide to the cell surface or secrete the polypeptide into the media, and 
this signal peptide is clipped off by the host cell before the protein leaves the cell. Signal 
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seqiiLMiccs can be iound associated with a \ ariet\ of proteins native to prokaryotes and 
eukar\ otes. 

1 he term "oligonucleotide." as used herein in rcTerrinu to the probe of the present 
5 invention, is defined as a molecule comprised of two or more ribonucleotides, preferably 
more than three. Its exact size will depend upon many factors which, in turn, depend 
upon the ultimate function and use of the oliuonucleotide. 

The term "primer" as used lierein refers to an oligonucleolidc. whether occurring 
10 naturally as in a puriiled restriction digest or produced synthetically, which is capable of 
acting as a point of initiation of synthesis when j^ilaced under conditions in which 
synthesis of a primer extension product, w hich is complementary to a nucleic acid strand, 
is induced, i.e,. in the presence of nucleotides and an inducing agent such as a DNA 
polymerase and at a suitable temperature and pi I. The primer may be either single- 
15 stranded or double-stranded and must be sufficiently long to prime the synthesis of the 
desired extension product in the presence of the inducing agent. The exact length of the 
primer will depend upon many factors, including temperature, source of primer and use 
of the method. For example, for diagnostic applications, depending on the complexity 
of the target sequence, the oligonucleotide primer typically contains 15-25 or more 
20 nucleotides, although it may contain fewer nucleotides. 

The primers herein arc selected to be "substantially" complementary to different strands 
of a particular target DNA sequence. 1 his means that the primers must be sufficiently 
complementary to hybridize with their respective strands. Therefore, the primer sequence 
25 need not rellcct the exact sequence of the template, for example, a non-complementary 
nucleotide fragment may be attached to the 5' end of the primer, with the remainder of 
the primer sequence being complementary to the strand. Alternatively, non- 
complementary bases or longer sequences can be interspersed into the primer, provided 
that the primer sequence has sufficient coinpleiiientarity witii the sequence of the strand 
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lo hybridize llierewilh and thereby form llic icinplalc for ihc synthesis of the extension 

product. 

As used herein, the terms "restriction endonucleascs" and "restriction enzymes" reler to 
5 bacterial enzymes, each ol' which cut double-stranded DNA at or near a specific 
nucleotide sequence. 



A cell has been "transformed" by exoizenous oi* heterologous DNA when such DNA has 
been introduced inside the cell. The transforming DNA may or may not be integrated 

10 (covalently linked) into chromosomal DNA making up the genome of the cell. In 
prokaryotes- yeasL and mammalian cells for example, the transforming DNA may be 
maintained on an episomal elcincnt such as a plasmid. With respect to eukaryotic cells, 
a stably transformed cell is one in which the iranslorming DNA has become integrated 
into a chromosome so that it is inherited by daughter cells through chromosome 

15 replication. This stability is demonstrated by the ability of the eukaryotic cell to establish 
cell lines or clones comprised of a population of daughter cells containing the 
transforming DNA. A "clone" is a population of cells derived from a single cell or 
common ancestor by mitosis. A "cell line" is a clone of a primary cell that is capable of 
stable growth /;? vifro lor many generations. 

20 

Ivvo DNA sequences are "substantially homologous" when at least about 75% 
(preferably at least about 80%, and most preferabl>' at least about 90 or 95%) of the 
nucleotides match over the defined length of the DNA sequences. Sequences that are 
substantially homologous can be identified by comparing the sequences using standard 
25 software available in sequence data banks, or in a Southern hybridization experiment 
under, for example, stringent conditions as defined ibr that particular system. Defining 
appropriate hybridization conditions is within the skill of the art. See, e.g.. Maniatis et 
al.. supra: DNA Cloning. Vols. I & II. .supra: Nucleic Acid Hybridization, supra. 
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It should be appreciated that also witliin the scope of the prcsenl invention are DNA 
seL|uences encodini: ch:!--2 kinase which code ibi" a protein ha\ ing the same amino acid 
sequence as SEQ ID NO: 2. 4. and 10. but which are degenerate to SHQ ID NO: 1 , 3. and 
9. By "degenerate to" is meant that a different three-letter codon is used to specify a 
5 particular amino acid, it is well known in the art that the following codons can be used 
interchangeably to code for each specific amino acid: 



Phenylalanine (Phe or F) 
Leucine (Leu or L) 

10 Isoleucine (lie or I) 

Methionine (Met or M) 
Valine (Val or V) 
Serine (Ser or S) 
Proline (Pro or P) 

15 Threonine (Thr or T) 
Alanine (Ala or A) 
Tyrosine (Tyr or Y) 
Histidine (His or H) 
Glutaminc (Gin or Q) CAA 

20 Asparagine ( Asn or N ) 
Lysine (Lys or K) 
Aspartic Acid (Asp or D) 
Glutamic Acid (Glu or E) 
Cysteine ( Cys or C) 

25 Arginine (Arg or R) 
Glycine (Gly or G) 
Tryptophan (Trp or W) 
Termination codon 



U\}\} or LllJC 

I IMA or I 1L:G or CI l : or CIJC or CUA or CUG 

Ai;U or AUC or AIJA 

AUG 

GUU or Gi;C of GL:a or GUG 
IJCLI or UC C or UCA or UCG or AGU or AGC 
CCD or CCC or CCA or CCG 
ACli or ACC or ACA or ACG 
GCU or C}CG or GCA or GCG 
UAIJ or UAC 
CAU or CAC 
or CAG 
AAU or AAC 
AAA or AAG 
(jAU or CiAC 
GAA or GAG 
UGU or UGC 

CGU or CGC or C(iA or CGG or AGA or AGG 

GGLI or CiGC or GC J A or GGG 

IJGG 

LIAA (ochre) or UAG (amber) or LJGA (opal) 
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It should be underslood thai ihc codons specified above are iov RNA sequences. I'lie 
corresponding codons lor DNA have a I subsliuited tor IJ. 

Mutations can be made in SHQ II) NO: 1 . 3. and 9 such thai a particular codon is changed 
5 to a codon which codes i'or a different amino acid. Such a mutation is generally made by 
making the fewest nucleotide changes possible. A substitution mutation of this sort can 
be made to change an amino acid in the resulting protein in a non-conservative manner 
{i.e., by changing the codon from an amino acid belonging to a grouping of amino acids 
lia\'ing a particular size or characteristic lo an amino acid belonging to another grouping) 

10 or in a conscr\ ati\ e manner by changing the codon from an amino acid belonging 
lo a grouping ol'ammo acids having a particular si/.c or characteristic lo an amino acid 
belonging to the same grouping). Such a conscr\alivc change generally leads lo less 
change in the strticture and lunction of the resulting protein. A non-conservati\ e change 
is more likely to alter the structure, cictivity or function of the resuhing protein. The 

15 present invention should be considered lo include sequences containing conservative 
changes which do not significantly alter the activity or binding characteristics ol* the 
resulting protein. 

1 he following is one example of various groupings of amino acids: 

20 

Amino acids with nonpolar R groups 

Alanine 

Valine 
25 Leucine 

Isoleucine 

Proline 

Phenylalanine 

l^ryptophan 
30 Methionine 
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AniiiK^ aculs with iincharLied polar R L!r(Hips 

Serine 
3 Threonine 
Cysteine 
Tyrosine 
Asparagine 
Glulamine 

10 

;\niino acids willi chareeci polar R eroups (negati\'cly charged at pH 6.0) 

Asparlic acid 
Glutamic acid 

15 

Basic amino acids (positively charged at pH 6.0) 

Lysine 
Arginine 
20 Histidine (at pH 6.0) 

Another grouping may be those amino acids with phenyl groups: 

Phenylalanine 
25 Tryptophan 
Tyrosine 

Another grcniping ma\' be according to molecular weight (i.e., size of R groups): 
30 Glycine 75 
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Alanine 


8^) 


Serine 


105 


I^roline 


115 


Valine 


117 


Threonine 


1 19 


(Cysteine 


121 


Leueinc 


131 


Isoleueinc 


131 


Asparagine 


132 


Aspartie acid 


133 


ijliilamine 


146 


L\'sine 146 




Glutamic acid 


147 


Methionine 


149 


Mistidine (at pH 6.0) 


155 


Phenylalanine 


165 


Arginine 


174 


Tyrosine 


181 


Tryptophan 


204 



20 

Particularly preferred substitutions are: 

- Lys for Arg and vice versa such that a positive charge may be maintained: 

- Glu for Asp and vice versa such that a negative charge may be maintained: 

- Ser ibr Thr such that a free -Oil can be maintained: and 
25 - Ciln for Asn such that a free NI K can he maintained. 

Amino acid substitutions may also be introduced to substitute an amino acid with a 
particularly prelcrabic property, for example, a C\vs may be introduced a potential site 

for disulfide bridges with another C'ys. A His ma\' be nnroduced as a particularly 
30 "catalvtic" site (i.e.. I lis can act as an acid or base and is the most common amino acid 
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in hiocliemical calahsis). Pro may be intaxJuced because of its particularh' planar 
siruciLire, w iiich induces (i-turns \n tlie j^rolein's structure. 

Two amino acid sequences are "substantialh homologous" when at least about 70% of 
5 tlic amino acid residues (preferablx al least about 8()'^(). and most preferably at least about 
90 or 95%) are identical, or represent conservative substitutions. 

A "heterologous" region of the F^NA construct is an identifiable segment of DNA within 
a larger DNA molecule that is not found in association with the larger molecule in nature. 

10 Thus, when the heterologous region encodes a mammalian gene, the gene wall usually 
be flanked by DNA thai does not flank the mammalian genoniic DNA in the genome of 
the source organism. Another example of a heterologous coding sequence is a construct 
where the coding sequence itself is not Ibund in nature (e.g.. a cDNA where the genomic 
coding sequence contains introns. or synthetic sequences having codons different than 

15 the native gene). Allelic variations or naturally-occurring mutational events do not give 
rise to a heterologous region of DNA as dcfmcd herein. 

An "antibody" is any immunoglobulin, including antibodies and fragments thereof, that 
binds a specific epitope. The term encompasses polyclonal, monoclonak and chimeric 
20 antibodies, the last mentioned described in further detail in U.S. Patent Nos. 4.816,397 
and 4.816.567. 

An "antibody combining site" is that structural portion of an antibody molecule 
comprised of heavy and light chain variable and hypcrvariable regions that specifically 
25 binds antigen. 

The phrase "antibody molecule" in its various grammatical forms as used herein 
contemplates both an intact immunoglobulin molecule and an immunologically active 
portion of an immun(^globulin molecule. 

30 
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I'Acmplarv aiilihody molecules are intact ininninoiilohuliii molecules, suhslanlially iutacl 
imnumoglohulin molecules and those portions of an imniunoglohuiin molecule liial 
contains the paratope, including those portions know in the ail as Fab. Fab\ F( ab')^ and 
F(v). which portions arc preferred for use in the therapeutic methods described herein. 

5 

V'dh and F(ab')2 portions of antibody molecules are prepared by the proteolytic reaction 
of papain and pepsin, respectively, on substantially intact antibody molecules by methods 
that are well-known. See for example. U.S. l^atent Ko. 4.342.566 to rhcofiiopolous ct 
al. Fab' antibod}' molecule portions are also well-known and are produced from FCab')^ 
10 portions followed h> reduction of^ the disulfide bonds linking the two heavy chain 
portions as with mercaptoethanol. and folhnved b\' alkylation of the resulting protein 
mercaptan with a reagent such as iodoacetamide. An antibody containing intact antibody 
molecules is preferred herein. 

15 The phrase "monoclonal antibody" in its \ arious grammatical forms refers to an antibody 
having only one species of antibody combining site capable of immunoreacting with a 
particular antigen. A monoclonal antibody thus typically displays a single binding 
affinity for any antigen with which it immunoreacts. A monoclonal antibody may 
thereibre contain an antibody molecule having a plurality of antibody combining sites, 

20 each immunospeciilc for a different antigen; e.g.. a bispecific (chimeric) monoclonal 
antibody. 

The phrase "pharmaceutically acceptable" refers to molecular entities and compositions 
that are physiologically tolerable and do not typically produce an allergic or similar 
25 untoward reaction, such as gastric upset, dizziness and the like, when administered to a 
human. 

The phrase "therapeuticall\ effective amount" is used herein to mean an amount 
sufficient to pre\-ent. and preferably reduce by at least about 30 percent, more preferably 
30 by at least 50 percent, most preferabU by at least 90 percent, a clinically significant 
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change in the S pliasc aclivit\' of a tarect cellular mass, or other feature of pathology such 
as for exaniplc. cle\aied blood pressure. fe\'er ov white cell count as may atteiid its 
presence and acti\'it> . 

5 A DNA sequence is "operatively linked" to an expression control sequence when the 
expression control sequence controls and regulates the transcription and translation of 
that DNA sequence. The term "operativeK linked" includes having an appropriate start 
signal (e.g.. ATC.i) in front of the DNA sequence to be expressed and maintaining the 
correct reading frame to permit expression of the DNA sequence under the control of the 

10 expression control sequence and production of the desired product encoded by the DNA 
sequence. If a gene that one desires to insert into a recombinant DNA molecule docs not 
contain an appropriate start signal, such a start signal can be inserted in front of the gene. 

The term "standard h\ bridization conditions" refers to salt and temperature conditions 
15 substantially equivalent to 5 x SSC and 65 ' C for both hybridization and wash. However, 
one skilled in the an will appreciate that such "standard hybridization conditions" are 
dependent on particular conditions including the concentration of sodium and magnesium 
in the buffer, nucleotide sequence length and concentration, percent mismatch, percent 
formamide, and the like. Also important in the determination of "standard hybridization 
20 conditions" is whether the two sequences hybridizing are RNA-RNA. DNA-DNA or 
RNA-DNA. Such standard hybridization conditions are easily determined by one skilled 
in the art according to well known ibrmulae. wherein hybridization is typically 10-20''C 
below the predicted or determined r„, with washes of higher stringency, if desired. 

25 

In one aspect, the present invention relates to the identification of a new superfamily of 
protein kinases centered around eEF-2 kinase. Accordingly, it includes the DNA 
sequences coding for these family members. In addiiicm. the invention also contemplates 
that each member oi" this new protein kinase superfamily has its own cognate 
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10 



15 



20 



25 



phosphor\'lali(in target. As specified siiprcK two ol" these targets are eFr-2 and MMC\ 
which are pliosphorylated by eHl--2 kinase and MIICK A. respectively. 

In a particular embodiment, the present inxention relates to phosphorylation target 
analogs, w^hich are short peptide sequences derived from phosphorylation targets of this 
new superfamily of protein kinases centered around er'r-2 kinase. Specifically, it is 
contemplated that these peptide analogs will be instrumental in the development of high 
throughput screening assays to identify inhibitors of members of this new superfamily. 

As overexpression ol'cl:;f^-2 kinase has been associated with a variety of cancers and 
other hyperproliferiti\ c pathologies (discussed supni). the invention also includes assay 
sN'Stems for the screening of potential drugs eiTecti\ e at inhibiting e]iI--2 kinase activit}'. 
It is contemplated that any of the recited assa> s can be automated using technology that 
is standard to the skilled artisan. 

As stated above, the present invention also relates to a recombinant DNA molecule or 
cloned gene, or a degenerate variant ihereoi. which encodes a eHF-2 kinase, or a fragment 
thereof, that possesses a molecular weight of about 1 00 kD and an amino acid sequence 
set forth in Figure 5 (SFQ ID NO: 2. 4. and 10): preferably a nucleic acid molecule, in 
particular a recombinant DNA molecule or cloned gene, encoding the 100 kD eI-vF-2 
kinase has a nucleotide sequence or is comiplementary to a DN.A sequence shown in 
Figure 5 (SFQ ID NO: 1 , 3. and 9). 

'fherapeutic possibilities are raised by the knowledge of the eEF-2 kinase sequence and 
the existence of peptide analogs that can act as phosphorylation targets for the kinase. 
Accordingly, it is contemplated that sequences that are derived from the complement to 
the eEF-2 kinase mRNA sequence, and \ arious modifications thereof, can act as potent 
antisense drugs that either inhibit expression in a competitive fashion, or, more 
effectively, by nuclease activity associated with the antisense drug that cleaves the el-.F-2 
kinase mRNA sequence, thus rendering it irreversibK inactive. Alternative therapeutics 
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are also contemplated that concern the use of peptides and peptide analogs representing 
portions of phosphor\ialion target amino acid secjiiences. It is envisioned that such 
pcplide-bascd drugs would inhibit eF!'-2 kinase activity on its natixe target, thus 
bypassing the cascade ol ex ents that would lead to malignant transformation. 

5 

I'hc antiscnse or peplide-based drugs may be prepared in pharmaceutical compositions, 
with a suitable carrier and at a strength elTective for administration by various means lo 
a patient experiencing an adverse medical condition associated with specific malignancies 
for the treatment thereof A variety of administratix e techniques may be utilized, among 
10 them parenteral techniques such as subcutaneous, intravenous and intraperitoneal 
injeciions, catheterizations and the like. A\'erage quantities of the antiscnse or peptide- 
based drugs may vary and in particular should be based upon the recommendations and 
prescription of a qualiiled physician or veterinarian. 

15 Also, antibodies including both polyclonal and monoclonal antibodies, and drugs that 
modulate the production or activity of cKF-2 kinase may possess certain diagnostic 
applications and may. for example, be utilized for the purpose of detecting and/or 
measuring levels ol' eEF-2 kinase. It is anticipated that further experimentation will 
reveal a prognostic correlation between eKF-2 kinase levels and the prediction and or 

20 progression of certain malignancies associated with carcinoma. For example, eEF-2 
kinase may be used to produce both polyclonal and monc^lonal antibodies to themselves 
in a variety of cellular media, by know n techniques such as the hybridoma technique 
utilizing, for example, iused mouse spleen lymphocytes and myeloma cells. Likewise, 
small molecules that mimic or antagonize the activity of eHF-2 kinase of the invention 

25 may be discovered or synthesized, and may be used in diagnostic and/or therapeutic 
protocols. 

The general methodology for making monoclonal antibodies by hybridomas is well 
known. Immoilal. antibody-producing cell lines can also be created by techniques other 
30 than fusion., such as direct transibrmation of B lymphocytes with oncogenic DMA. or 
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traiistcction with l-psiciii-Barr virus. Sec. e.g.. M. Schreier et al., "Ilybridoma 
Techniques" (1980): Ihimmerhng el al.. "Monoclonal Anlihotlies And T-eell 
Hyhridomas" (1981): Kennelt el al.. "Vlonocional Antibodies" (1980): see also U.S. 
Patent Nos. 4.341.761: 4.399.121: 4.427.783: 4.444,887: 4.451.570: 4.466.917: 
5 4.472.500; 4,491,632: 4,493.890. 

I^anels of monoclonal antibodies produced against eb.r-2 kinase peptides can be screened 
lor various properties: i.e.. isotype. epitope, aftlnity. etc. Of particular interest are 
monoclonal antibodies that neutralize the activity oreHI'-2 kinase. Such monoclonals 
10 can be readily idcntilied in eEF-2 kinase activity assa>'S. 1 ligh affinity antibodies are also 
useful when nnmunoafllnitN' purification of nati\e or recombinant eRI'>2 kinase is 
desired. 

Preferably, the anti-eHF-2 kinase antibody used in the diagnostic methods of this 
15 invention is an affinity purified polyclonal antibod> . More preferably, the antibody is a 
monoclonal antibody (mAb). In addition, it is preferable for the anti-eEF-2 kinase 
antibody molecules used herein be in the form of Fab, Fab'. I'Xab*): or I^v) portions of 
whole antibody molecules. 



20 As suggested earlier, the diagnostic method of the present invention comprises examining 
a cellular sample or medium by means t^f an assa>' including an effective amount of an 
antagonist to eEF-2 kinase, such as an anli-eFF-2 kinase antibody, preferably an affinity- 
purified polyclonal antibody, and more preferably a mAb. In addition, it is preferable for 
the anti-eEF-2 kinase antibody molecules u.sed herein be in the form of Fab, Fab'. F(ab')_. 

25 or F(v) portions or w-hole antibody molecules. As previously discussed, patients capable 
of benefiting from this method include those suffering from cancer, a pre-cancerous 
lesion, a viral infection or other like pathological derangement. Methods for isolating the 
elil -2 kinase and inducing anti-eFF-2 kinase antibodies and for determining and 
optimizing the abilit\ of anti-eHF-2 kinase antibodies to assist in the examination of the 

30 target cells are all well-known m the art. 
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Methods for pioducinLi poK clonal anli-polypcptidc antibodies arc well-known in the art. 
See L'.S. Patent No. 4.493.795 to Nestor et al. A nionoeionai antibod\ , ts picalh 
containnig Fab and or Fiab' )^ portions of useful antibod>' molecules, can be prepared 
using the h>'bridoma leclmologN' described in Aiiiihociics - A Lahoraiory Manual. Harlow 
5 and Lane, eds.. Cold Spring Harbor Laborator> . New York ( 1 988). which is incorporated 
herein by reference. 

Splenocytes are typically fused with niycloma cells using polyethylene glycol (PEG) 
6000. Fused hybrids arc selected by their sensitivit>' to HAT. Hybridomas producing a 
10 monoclonal antibod\ useful in practicing this invention are identified by their ability to 
immunoreact with the present eEF-2 kinase and their abihty to inhibit specified eEF-2 
kinase activity in target cells. 

A monoclonal antibody useful in practicing the present invention can be produced by 
15 initiating a monoclonal hybridoma culture comprising a nutrient medium containing a 
hybridoma that secretes antibody molecules of the appropriate antigen specificity. The 
culture is maintained under conditions and for a time period sufficient for the hybridoma 
to secrete the antibody molecules into the medium. The antibody-containing medium is 
then collected. The antibody molecules can then be further isolated by w^ell-known 
20 techniques. 

Media useful for the preparation of^ these compositions are both well-known in the art and 
commercially available and include synthetic culture media, inbred mice and the like. 
An exemplary synthetic medium is Dulbecco's minimal essential medium (DMEM; 
25 Dulbecco ct al.. llrol. 8:396 (1959)) supplemented with 4.5 gm/I glucose. 20mM 
glutamine, and 20% fetal calf serum. An exemplar)' inbred mouse strain is the Balb/c. 

Methods for producing monoclonal anti-eFF-2 kinase antibodies are also well-known in 
the art. See Niman el al.. Proc. Natl Acad Sci. USA. 80:4949-4953 (1983). Typically, 
30 the present eEF-2 kinase or a peptide aiialog is used either alone or conjugated to an 
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immiinoecjiic carrier, as the immunogen in ihc before described procedure for producing 
anti-e}^F'-2 kianse monoclonal antibodies. Tlie In bridomas are screened for the ability 
to produce an aniibod>' that immunoreacts with the el:I'-2 kinase peptide analog and the 
present eHF-2 kinase. 

5 

The present invention iinther contemplates therapeutic compositions useful in practicing 
the tlierapeutic methods of tliis invention. A subject therapeutic composition includes, 
in admixture, a pharmaccutically acceptable excipient (carrier) and one or more of an 
anti-eHF-2 kinase antibody, peptide analog capable of competing for phosphorylation of 
10 eEF-2 by eEF-2 kinase, antiscnse drug against en:F-2 kinase mRNA, or any other 
compound that is found to inhibit eHF-2 kinase acti\'ity. In a preferred embodiment, the 
composition comprises an antigen capable ol' modulating the activity ol^ eEF-2 kinase 
within a target cell. 

15 The preparation of therapeutic compositions which contain polypeptides, analogs or 
active fragments as active ingredients is well understood in the art. Typically, such 
compositions are prepared as injectables. either as liquid solutions or suspensions, 
however, solid forms suitable for solution in. or suspension in. liquid prior to injection 
can also be prepared. The preparation can also be emulsified. The active therapeutic 

20 ingredient is often mixed with excipients which are pharmaccutically acceptable and 
compatible with the active ingredient. Suitable excipients are, for example, water, saline, 
dextrose, glycerol, ethanol. or the like and combinations thereof. In addition, ii^ desired, 
the composition can contain minor amounts ol auxiliary substances such as whetting or 
emulsifying agents, pi 1 buffering agents which enhance the eflectiveness of the active 

25 ingredient. 

A polypeptide, analog or active fragment can be formulated into the therapeutic 
composition cis neutralized pharmaceutically acceptable salt forms. Pharmaceutically 
acceptable salts include the acid addition salts (formed with the free amino groups of the 
30 polypeptide or antibody molecule) and which are lormed with inorganic acids such as. 
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for example. h> drciclikM ie or phosphoric acids, or such organic acids as acetic, oxalic, 
tanaric. mandelic. and the like. Sails Ibrnied iVom ihe free carhox\'l groups can also be 
derived from inorganic bases such as. \ov example, sodium, potassium, ammonium, 
calcium, or ferric hydroxides, and such organic bases as isoprop\iamine. trimelhylamine, 
5 2-eth\ lamino eihanoL hislidinc, procaine, and the like. 

The therapeutic pol) peptide-, analog- or active iragmcnl-containing compositions are 
conventionally administered intravenousK'. as by injection of a unit dose, for example. 
The term "unit dose" when used in reference to a therapeutic composition of the present 
10 invention relers to physically discrete units suitable as unitary dosage for humans, each 
unit containing a predetermined quantil\ of active material calculated to produce the 
desired therapeutic effect in association with the required diluent: i.e., carrier, or vehicle. 

The compositions are administered in a manner compatible with the dosage formulation, 
15 and in a therapeutically effective amount. The quantity to be administered depends on 
the subject to be treated, capacit>' of the subject's immune system to utilize the active 
ingredient, and degree of inhibition or neutralization of eEF-2 kinase activity desired. 
Precise amounts of active ingredient required to be administered depend on the judgment 
of the practitioner and arc peculiar to each individual. However, suitable dosages may 
20 range from about 0.1 to 20, preferably about 0.5 to about 10, and more preferably one to 
several, milligrams of active ingredient per kilogram body weight of individual per day 
and depend on the rouie of administration. Suitable regimes for initial administration and 
booster shots are also variable, but are typiiied by an initial administration followed by 
repeated doses at one or more hour intervals by a subsequent injection or other 
25 administration. Alternatively, continuous intravenous infusion sufficient to maintain 
concentrations of ten nanomolar to ten micromolar in the blood are contemplated. 

Formulations 

30 Intravenous Formulation I 



BNSDOCID <WO 9909199A2_ l_> 



wo 99/09199 



PCT/US98/17272 



41 

ln<jredient mg/ml 

cefotaxime 250.0 

antibody, peptide, aiuisense drug, or other conipound I 0.0 

dextrose IJSP 45.0 

5 .sodium bisulfite USP 3.2 

edetate disodium USP 0.1 

water for injection q.s.a.d. 1 .0 ml 

Intravenous Formulation II 

10 Ingredient mg/ml 

ampicillin 250.0 

antibody, peptide, antisense drug, or other compound 1 0.0 

sodium bisulfue USP 3.2 

disodium edetate USP 0.1 

15 water for injection q.s.a.d. 1 .0 ml 

Intravenous Formulation III 

Ingredient mg/ml 

gentamicin (charged as sulfate) 40.0 

20 antibody, peptide, antisense drug, or other compound 10.0 

sodium bisulfite USP 3.2 

disodium edetate USP 0.1 

water for injection q.s.a.d. 1 .0 ml 

25 Intravenous Formulation IV 

Ingredient mg/ml 

antibody, peptide, antisense drug, or other compound 10.0 

dextrose USP 45.0 

sodium bisulfite USP 3.2 

30 edetate disodium USP 0. 1 
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\\ ater for injcclion q.s.a.d. 1 .0 ml 

As used herein, "pg" means pieogram. "ng" means nanouram. "ug" or mean 
mierouram. "mg" means milligram, "ul" or "i-il" mean microliter, "ml" means millililcr. 
5 "1" means liter. 

Another feature of this invention is the expression of the DNA sequences disclosed 
herein. As is well known in the art. DNA sequences niciy be expressed by operatively 
linking them to an expression control sequence in an appropriate expression vector and 
10 employing that expression vector to transform an appropriate unicellular host. 

Such operative linking of a DNA sequence of this invention to an expression control 
sequence, ol course, includes, if not already part of the DNA sequence, the provision of 
an initiation codon. A 7 G, in the correct leading frame upstream of the DNA sequence. 

15 

A W'ide variety of host/expression vector combinations may be employed in expressing 
the DNA sequences of this invention. Useful expression vectors, for example, may 
consist of segments of chromosomal, non-chromosomal and synthetic DNA sequences. 
Suitable vectors include derivatives of SV40 and known bacterial plasmids, e.g., E. call 

20 plasmids col El. pCRl, pBR322. pMB9 and their derivatives, plasmids such as RP4; 
phage DNAS, e.g.. the numerous derivatives of phage A, e.g., NM989, and other phage 
DNA, e.g.. Ml 3 and filamentous single stranded phage DNA; yeast plasmids such as the 
2fa plasmid or deri\'atives thereof; vectors useful in eukaryotic cells, such as vectors 
useful in insect or mammalian cells: vectors derived Irom combinations of plasmids and 

25 phage DNAs. such as plasmids that have been modi lied to employ phage DNA or other 
expression control sequences: and the like. 

Any of a wide variet\- of expression control sequences — sequences that control the 
expression of a DNA secjuence operatively linked to it — may be used in these vectors to 
30 express the DNA secjuences of this invention. Such useful expression control sequences 
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include, lor example, the early or lale promoters ol"SV4(). C'MV. vaccinia, polyoma or 
adenovirus, the Uic sN Sleni. the irp system, the 7M( ' system, the TRC system, the L'lR 
svslem. the major operator and promoter regions oi' phage X. the control regic^ns of fd 
coat protein, the promoter for 3-phosphoglyceratc kinase or other glycolytic enzymes, the 
5 promoters of acid phosphalcise (e.g.. Pho5 ), the promoters of the yeast a-mating factors, 
and other sequences known to control the expression of genes of prokaryotic or 
eukaryotic cells or their viruses, and various combinations thereof, 

A wide variety of unicellular host cells are also userul in expressing the DNA sequences 
10 of this invention, 'fhese hosts may include well known eukaryotic and prokaryotic hosts, 
such as strains of E. coli. Psciulonnwas. Bacillus. Sfrcptowyces, fungi such as yeasts, 
and animal cells, such as C1 lO. Rl.l. B-W and L-M cells. African Green Monkey kidne>' 
cells (e.g., COS K COS 7, BSC I. BSC40. and BMriO). insect cells (e.g., SF;). and 
human cells and plant cells in tissue culture. 

15 

It will be understood that not all vectors, expression control sequences and hosts will 
function equally well to express the DNA sequences of this invention. Neither will all 
hosts function equally well with the same expression system. However, one skilled in 
the ail will be able to select the proper vectors, expression control sequences, and hosts 
20 without undue experimentation to accomplish the desired expression without departing 
from the scope of this invention. For example, in selecting a vector, the host must be 
considered because the vector must function in it. The vector's copy number, the ability 
to control that copy number, and the expression oi any other proteins encoded by the 
vector, such as antibiotic markers, will also be considered. 

25 

In selecting an expression control sequence, a variety of factors will normally be 
considered. These include, for example, the relative strength oi' the system, its 
controllability, and its compatibility with the particular DNA sequence or gene to be 
expressed, particular!) as regards potential secondar) structures. Suitable unicellular 
30 hosts will be selected by consideration of e.g.. their compatibility with the chosen vector. 
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their secretion characteristics, their ahihty to Ibid proteins correctly, and their 
termentation requirements, as well as the loxicilN" to tlie host ol the product encoded by 
the DNA sequences to be expressed, and the ease of purification of the expression 
products. 

5 

Considering these and other factors, a person skilled in the art will be able to construct 
a variety of vector/expression control sequence/host combinations that will express the 
DNA sequences of this invention on fermentation or in large scale animal culture. 

10 The present invention extends to the preparation of antisense oligonucleotides and 
ribozymes that may be used to interfere w ith the expression of the cHF-2 kinase gene at 
the translational le\'cl. This approach utilizes antisense nucleic acid and ribozymes to 
block translation of a specific mRNA. cither by masking that mRNA with an antisense 
nucleic acid or cleaving it with a ribozyme. 

15 

Antisense nucleic acids are DNA or RNA molecules that are complementary to at least 
a portion of a specific mRNA molecule. (See Weintraub, 1990: Marcus-Sekura. 1988.) 
In the cell, they hybridize to that mRNA. Ibrming a double stranded molecule. The cell 
does not translate an mRNA in this double-stranded form. Therefore, antisense nucleic 

20 acids interfere wqth the expression of mRNA into protein. Oligomers of about fifteen 
nucleotides and molecules that hybridize to the AUCi initiation codon will be particularly 
efficient, since they are easy to synthesize and are likely to pose fewer problems than 
larger molecules when introducing them into eHP^'-2 kinase-producing cells. Antisense 
methods have been used to inhibit the expression of many genes in vitro 

25 (Marcus-Sekura. 1 988: Hambor et al.. 1 988). 

Ribozymes arc RNA molecules possessing the ability to specifically cleave other single 
stranded RNA molecules in a manner somewhat analogous to DNA restriction 
endonucleases. Ribozymes were discovered from the observation that certain niRNAs 
30 have the ability to excise their own introns. B>' modifying the nucleotide sequence of 
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these RNAs, rescarcliLM's have been able to engineer moleeiiles that recognize specific 
nucleotide sequences in an KNA molecule and clea\ e it (('ech. 1988,). Because they are 
sequence-specillc. only mRNAs with particular sequences are inactivated. 

5 investigators have identified two types of riho/ymes, 7 clrahymcna-iypc and 
"hammerhead"-type. ( Hasselhoff and Cierlach. 19S8) Tc/rahymcna-iypt ribozymes 
recognize lour-base sequences, while *'hammcrbead"-lype recognize eleven- lo 
eighteen-base sequences. The longer the recognition sequence, the more likely it is to 
occur exclusively in ihe target mRNA species. Therefore, hammerhead-type ribozymes 
10 are preferable to Tc/rcfhymena-lype ribozymes for inactivating a specific mRNA species, 
and eighteen base recognition sequences are prelerable to shoiler recognition sequences. 

The DNA sequences described herein may thus be used to prepare antisense molecules 
against, and ribozymes that cleave mRNAs for eHr-2 kinase . 

15 

The present invention also relates to a \ ariety of diagnostic applications, including 
methods for detecting and quantifying the levels of eI:F-2 kinase. As mentioned earlier. 
eEF-2 kinase can be used to produce antibodies to itself by a variety of known 
techniques, and such antibodies could then be isolated and utilized as in tests for the 
20 presence and levels of eEF-2 kinase activity in suspect target cells. 

As described in detail above, antibody(ies) to eHF-2 kinase can be produced and isolated 
by standard methods including the well known hybridoma techniques, f^or convenience, 
the antibody(ies) to eRF-2 kinase will be relerred to herein as Ab, and antibody(ies) 
25 raised in another species as Ab^. 

The presence and levels of eIiI^-2 kinase in cells can be ascertained by the usual 
immunological procedures applicable to such determinations. A number of useful 
procedures are known. Three such procedures which are especially useful, utilize either 
30 et;F-2 kinase labeled with a detectable label, antibody Abi labeled with a detectable label. 
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or antibody Ah. labeled with a detectable label. I he procedures ma\' be summarized by 
the t'ollowiiig equations wherein the asterisk indicates that the particle is labeled, and 
stands for eKF-2 kinase: 

A. + Ab, - -*Ab, 
5 B. - + Ab'^ - - Ab,- 

C. - ^ Ab, ^ Ab.^^ - -AbjAb.* 

The procedures and their application are all familiar to those skilled in the art and 
accordingly ma>' be utilized within the scope of the present invention. 1 he "competitive" 
10 procedure, Procedure A. is described in U.S. Patent Nos. 3,654.090 and 3,850.752. 
Procedure C\ the "sandwich" procedure, is described in U.S. Patent Nos. RE 31.006 and 
4.016.043. Still other procedures arc known such as the "double antibody." or "DASP" 
procedure. 

15 In each instance, eI:F-2 kinase forms complexes with one or more antibody(ies) or 
binding partners and one member of the complex is labeled w^ith a detectable label. The 
fact that a complex has fomied and, if desired, the amount thereof, can be determined by 
known methods applicable to the detection of labels. 

20 It will be seen IVom the above, that a characteristic property of Ab^ is that it will react 
with Ab,. This is because Ab, raised in one mammalian species has been used in another 
species as an antigen to raise the antibody Ab.. For example, Ab^ may be raised in goats 
using rabbit antibodies as antigens. Ab, therefore would be anti-rabbit antibody raised 
in goats. For purposes of this description and claims. Ab, will be referred to as a primary 

25 or anti-eEF*2 kinase antibody, and Ab. will be reierred to as a secondary or anti-Ab, 
antibody. 

The labels mo.st commonly employed for these studies are radioactive elements, enzymes, 
chemicals which flucM-esce wdien exposed to ultraviolet light, and others. 

30 
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A number of lluorcsccnt materials are known and can be utilized as labels. These 
include, for example, fluorescein, rhodamine, auramine. Texas Red. AMCA blue and 

Luciler Yellow. A parlicular detecting material is anti-rabbit antibod\' prepared in goats 
and conjugated with lluorescein through an isothiocNanate. 

5 

eHF-2 kinase can also be labeled with a radioactix e element or with an enzyme. The 
rcidioactive label can be detected by any of Ihe currently available counting procedures. 
The preferred isotope may be selected iVom M L 'T\ -'T\ -^'S, -^^CK "Cr. ^^Co, ^'Co, 
^'Te/n-'. ''n. '-''Land '^^'Re. 

10 

Hnzyme labels are likewise useful, and can be delected by any ol the presently utilized 
colorimctric, spcctrophotometric. nuorospectrophoiometnc. amperometric or gasometric 
techniques. The enz) nie is conjugated io the selected particle by reaction with bridging 
molecules such as carbodiimides. diisocyanatcs. giutaraldehyde and the like. Many 
15 enzymes which can be used in these procedures are known and can be utilized. The 
preferred are peroxidase. B-glucuronidase. B-D-glucosidase. B-D-galactosidase. urease, 
glucose oxidase plus peroxidase and alkaline phosphatase. U.S. Patent Nos. 3.654,090: 
3,850.752; and 4,010.043 arc referred to by way of example for their disclosure of 
alternate labeling material and methods. 

20 

A particular assay system developed and utilized in accordance wath the present 
invention, is known as a receptor assay. In a receptor assay, the material to be assayed 
is appropriately labeled and then certain cellular test colonies are inoculated with a 
quantity of both the labeled and unlabeled material after which binding studies are 
25 conducted to determine the extent to which the labeled material binds to the cell 
receptors. In this wa> . differences in afTinity between materials can be ascertained. 

Accordingly, a purified quantity of the eI - r-'-2 kinase may be radiolabeled and combined, 
for example, with antibodies or other inhibitors thereto, aller which binding studies 
30 would be carried out. Solutions would then be prepared that contain various quantities 
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of labeled and unlabeled uneombined eL-l'-2 kinase, and cell samples would then be 
inoculated and iherealter incubated. Fhe lesultinii cell monolayers are then washed, 
solubili/ed and then C(ninted in a gamma counter for a length of time sufficient to yield 
a standard error of ^^^"^ o. These data are then subjected to Scatchard analysis after which 
5 observations and conclusions regarding material activit>' can be drawn. While the 
foregoing is cxeniplary, it illustrates the manner in which a receptor assay may be 
performed and utilized, in the instance where the cellular binding ability ol'the assayed 
material may serve as a distinguishing characteristic. 

10 In accordance with the above, an assay system for screening potential drugs effective to 
modulate the activity of enF-2 kinase may be prepared. The eEF-2 kinase may be 
introduced into a test system, and the prc^spective drug may also be introduced into the 
resulting cell culture, and tlie culture thereafter examii:ied to observe any changes in the 
eEF-2 kinase activity of the cells, due either to the adchtion of the prospective drug alone, 

15 or due to the effect oi added quantities of the known eEF-2 kinase. Alternatively, these 
assays can be carried out in a purely in vifro fashion as discussed below. 

The following examples are presented in order to more fully illustrate the preferred 
embodiments of the invention. They should in no way be construed, however, as limiting 
20 the broad scope of the invention. 

EXPERIMENTAL DETAIES SECTION 

EXAMPLE 1 

25 Peptide Sequencing. eEF-2 kinase from rabbit leticulocytc lysate was purified as 
described (I lait et al.. ( 1 996) FKBS Lett. 397:55-60). Peptides were generated from the 
nitrocellulose-bound 103-kDa eEF-2 kinase protein by in situ tryplic digestion 
(Erdjunient-Bromage ct al., (1 994) Protein Sci. 3:2435-2446) and fractionated by reverse- 
phase HPLC(Elicone et ah. (1 994) J. Chmmafo^r. 676: 121-1 37) using a 1.0mm Reliasil 

30 CI 8 column. Selected peak fraction were then analyzed by a combination of automated 
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Mdnian sequencing and matrix-assisted laser-desorpii()n time-of-flight mass spectrometry 
( Lirdjumenl-Bromage et al., ( 1994)). Hie peptide sei|iiences provided an essential lead 
into the cloning ol el:!l -2 kinase Irom human, mouse, rat, and Cacnorhahditis dedans. 



5 EXAMPLE 2 

Molecular Cloning of cDNAs Encoding C elega/i\\ Mouse, Rat, and Human eEF-2 
Kinases, 'lb clone the cDNA for C elcy,uns cEF-2 kinase, oligonucleotide primers were 
designed based on llie amino and carboxy termini of the predicted gene product from 
r42A 1 0.4. f^everse transcriptase-PCR (RT-PCR ) was performed using thCvSe primers and 

10 total RNA from c/ci^am ( a gift form Monica Driscoll. Rutgers University). A single 
PCR product of 2,3 kb was obtained and gei-purified using a gel extraction kit (Qiagen. 
Chatswoilh. CA). The fragment was ligatcd into vectcM* pCR2.1 using the VA cloning kit 
(Invitrogen. Sorrento Valley. CA), and then transformed into Escherichia co/i. IMasmid 
DNA was purified, and restriction analysis used to verify the orientation of the coding 

15 sequence with respect to the T7 promoter. Two clones {Ce/k-J and (^e/k-2, C. dedans 
eFF-2 kinase isoforms 1 and 2) were chosen and secjuenced using a Li-Cor (Lincoln, NE) 
Long Read IR model 400L Automated DNA Sequencer. Analysis revealed that the two 
clones were identical except for a deletion of 24 bp in Cefk-2 which coiresponds to cxon 
4 and probably represents an alternatively spliced form. 

20 

To clone the mouse eEF-2 kinase, degenerate primers were designed based on the amino 
acid sequence of two peptides from rabbit eEF-2 kinase f L7 PQAFSHFTFER (SEQ ID 
NO: 21) and LANXYYEKAE (SEQ ID NO: 22)): primer A, 

CA(G/A)GC(c/G/'i/A)TT(c/T)('i/A)(C7co(i/ccA(cn rrr^ 

25 T)GA(G/A(C/A)G (SEQ ID NO: 23); and primer B, 
'lXXC/G/T/A)GC(C:/'r)'IT(C7T)TCXC)/A)rA(Ci/A)rA(C/T)TT(G/A 
(SEQ ID NO: 24). RT-PCR was performed using primers A and B and poly(A)' RNA 
from mouse spleen (CLON'rECH). A single PCR product ( -1.6 kb) was cloned into 
pCR2.1 (Invitrogen) and sequenced. Using sequence information form these mouse eEF- 

30 2 kinase cDNA IVagments. new primers were designed for 5' rapid amplification of 
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cDNA ends (RACH) and 3' RACH lo obuiin ruIl-lenLilh mouse eHF-2 kinase cDNA. 5' 
RAC'l: and 3' RACK were performed usinLi Marathon-Ready mouse spleen cDNA 
(CLONTIICH ). This was carried out according to the n:ianutacturer*s instructions using 
the primers API and C (TACAA I CAGC K }ATGACCAGAACGCTC) (SEQ ID NO: 25) 
5 5' antiscnse. or D (GGATTTGGACTGGACAAGAACCCCC) (SliQ ID NO: 19) 3' 
sense. 

To clone rat eEI^'-2 kinases. PCR was performed on a rat PC 12 cDNA library cloned m 
XCjTIO (CLONTECH) using primer B and vector primers. A 700-bp fragment was 
10 specifically amplified. The fragment was cloned into pCR2.1 (Invitrogen) and 
sequenced. This 700-bp fragments was radiolabeled and used to probe the sanie PCI 2 
cDNA library (600.000 plaques). Fourteen positives were obtained in the initial 
screening, hive plaques were chosen for further analysis and sequencing based on insert 
sizes that ranged from 1 .4 to 2.0 kb. 

15 

Recently, eEF-2 kinase from rabbit reticulocyte lysate was purified to near homogeneity 
(Hait et al., (1996)). This enabled determination of its partial amino acid sequence (see 
EXAMPLE ] ). Two peptide sequences (L TPQAFSl IFTFER and LANXYYEKAE) were 
compared with entries in a nonredundanl database using the National Center for 

20 Biotechnology hiformation BLAST program (Alischul et ah, (1990) ./ Mol. Biol 
215:403-410). Matches were found with a C. e/ci^ans hypothetical protein (F42A10.4: 
CienBank accession number U 104 14). This sequence was obtained from the C. clcy^ans 
genome sequenchig project and is located on chromosome HI (Wilson et al.. (1994) 
Nature 368:32-38), The 100% identity between the sequenced peptides and the C. 

25 elc^ans protein, as well as the fact that the predicted molecular weight of the C. elcf^ans 
protein is similar to that of eEF-2 kinase, suggested that this gene encoded eEF-2 kinase. 
The full-length cDNA by RT-PCR using (\ elegans total RNA was cloned. Several 
clones were isolated and sequenced. Ccfk-1 has six c^f the predicted exons and encodes 
768 amino acids. Ccfk~2 represents an alternatively spliced form that has five exons: it 

30 is missing amino acids 625-632 that correspond to cxon four. 
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As is dcnionstratcd in I^XANIPLE 3. ( \ik-l and Cefk-2 have eHF-2 kinase aclivity vvlien 
expressed in cell-tree sysleni using a wheal genn extract coupled transcriplion/translalion 
system. 

5 'l o determine the amino acid sequence of mammalian eHF-2 kinase, the cDNA of 
mouse eEF-2 kinase was cloned and sequenced. Since the sequenced peptides from 
rabbit eEF-2 were 100% identical to C elegans eEF-2 kinase, then the two peptides 
should also match the sequence of mouse eHF-2 kinase. Degenerate primers were 
designed based on the amino acid sequence of the peptides and were used to perform 

10 RT-PCR on mouse spleen poly(A)^ mRNA. A single PCR product of -1.6 kb was 
obtained and sequenced. 'Vo obtain the lull-lcngth cDNA, 5' RACE and 3' RACE were 
periormed using mouse spleen cDNA. The full length cDNA, which encodes 724 
amino acids, was expressed in a cell-free coupled iranscripiion/iranslation system. A 
single translation product with an apparent molecular weight of 100 kDa was obtained 

15 (Figure 2). 

cDNA for rat eEF-2 kinase using a fragment of mouse eEF-2 kinase cDNA to probe 
a PC12 cDNA library was cloned and sequenced. However, after this work was 
completed, a paper describing the cloning of eEF-2 from rat skeletal muscle was 
20 published (Redpath el al., (1996) 7. Biol. Chcm. 271:17547-17554) and the reported 
sequence appears to be identical to the eEF-2 kinase sequence from PC12 cells. Hike 
the mouse eEF-2 kinase, the rat eEF-2 kinase cDNA encodes a 724-amino acid protein. 

The human eEF-2 kinase cDNA was cloned and sequenced. RT-PCR was performed 
25 on poly(A)^ mRNA from the human glioma cell line FQSG using 20'mer primers 
corresponding to the 5' and 3' ends ol the mouse eEF-2 kinase coding region. The 
human eEF-2 kinase cDNA encodes a 725 amino acid protein. 



30 
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EXAMPLES 



F.xprcssion of cFJ 2 Kinase From C. dedans. Mouse, Rat, and Human in a C ell- 
Free System. Plasiiiid DNA from clones Ccfk-I, ( 'cfk-2, ns well as mouse and human 
eEiF-2 kinase cDNA were used in tlie TNT wheat germ extract coupled 
5 transcription/translation system (I^'omega). SJMelhionine-labelcd products were then 
analyzed by SDS/PA( iF. The reaction mixture (50 ul total volume) contained 1 of 
plasmid DNA and 26 pCi of [-^'Slmethionine (speciilc activity = 1 175.0 Ci/mmol: 1 Ci 
= 37 GBq). Other components were added to the reaction mixture according to the 
manufacturer's protocol. The reaction mixture was incubated for 1.5 h at SO^'C and 
10 terminated by incubation on ice. A 10 ul aliquot of the reaction mixture was mixed with 
2 |.il of 5X Laemmli buffer and boiled for 5 min. Samples were analyzed by SDS/PAGH 
on 8% gels and autoradiography. 

The remainder olThc transcription/translation reaction was diluted 4-fold with buffer A 
15 (20 mM Tris-IICK pi I 7.4/1 mM MgCl./10% glyccrol/7 mM 2-mcrcaptocthanol) and 
applied to a HR5/5 Mono 0 column (Pharmacia) equilibrated with buffer A. 1 he column 
was developed with 20 column volumes of a 50-600 mM KCl linear gradient to buffer 
A. 

20 To assay for eEF-2 kinase activity, 5 pi from each fraction was added to a reaction 
mixture (40 |.il) containing 50 mM Hepes-KOH (ph. 7.4) 10 mM magnesium acetate, 0.1 
mM CaCI., 5 mM dithiothrcitof 50 pM ATP. 2 pCi |y--l^]ATP. 0.6 pg calmodulin, and 
0.5 pg rabbit reticulocN'te eEF-2. Reactions were incubated at 30T for 2 min and were 
terminated by adding 20 pi of 3X Laemmli sample buffer. Samples were boiled for 5 

25 min and proteins separated by SDS/PAGh on 8% gels. Phosphoproteins were analyzed 
by autoradiography. 

T o determine whether Cefk-1 and Cetk-2 have eEF-2 kinase activity, cell-free coupled 
transcription/translation system were expressed. Translation of Cefk-1 and Cefk-2 
30 produced products with an apparent molecular weight of 100 kDa (Figure 2), which is 
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sliehtly larger than the computer-predicted molccuhir weight of the protein but is 
identical to the molecular weight of a rabbit reticulocyte eFF-2 kinase as determined 
by SDS/PAGE. The translation products ot the mixture of Ccjk- 1 and Cefk-2 are able 
to phosphorylate eEF-2 (Figure 3) and elutc from a Mono Q column at the same 
5 position as endogenous C elegans eEF-2 kinase (Figure 3A). The eEF-2 
phosphorylation activity of the recombinant protein is Ca" Vcalmodulin-dependant 
(Figure 3C). The dif ferences in the catalytic pn^perties Ccfk-1 and Cefk-2 isoforms are 
under current investigation. 

10 Mouse and human eEF-2 kinase cDNAs were expressed in a coupled 
transcription/translation system and a product o<" ~ 100 kDa was obtained (Figure 2). 
As shown in Figure 3, the recombinant human eEF-2 kinase activity was strictly 
Ca" Vcalmodulin-dependant. The kinase activity was completely inhibited by the 
calmodulin antagonists trifluoperazine and A^-(6-aminohexyl)-5-chloro-l-napthalene- 

15 sulfonamide. Human eEF-2 kinase in bacteria as a glutathione S-transferase fusion 
protein was expressed and demonstrated that the ability of the recombinant enzyme to 
phosphorylate eEF-2 and to undergo autophosphorylation arc strictly calmodulin- 
dependent. 

20 EXAMPLE 4 

Analysis of Mouse cEF-2 Kinase mRNA Expression in Various Tissues. eEF-2 

kinase and eEF-2 hybridizations were performed using a 1.6 kb Eco\\\ mouse cDNA 
fragment and a 2.6 kb EcoK\ human cDNA Iragmeni. respectively. cDNAs were labeled 
with [^'-PjdCTP using the random-primed DNA labeling method (Femberg and 

25 Vogelslein (1983) Anal. Biochem. 132:6-13). A multiple tissue Northern blot 
(CLONE'TECH) was prchybridized at 42'^^ for 16 h in a 50% formamide solution 
containing lOX Denhardt^s. 5X SSPE. 2% SDS, and 100 f.ig/ml salmon sperm DNA. 
Hybridizations were completed in the same solution containing the ^-P-labeled probe ( 1 
X 1 0*^ cpm/ml: specific activity. - 1 X 1 {f dpm/|Lig DNA) and 10% dextran sulfate at 42'"C' 

30' lor 16 h. Blots were washed tw'ice at room temperature (15 min) in 2X SSPE, 0.05% 
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SDS. and once at 5()'X' (15 min) in ().5X SSPR, 0.5" o SDS. RNA/cDNA hybrids were 
\ isuali/.ed by auioradiography. 

Northern blot analysis shows that eEF-2 kinase is ubiquitously expressed in mouse 
5 tissues and is particularly abundant in skeletal muscle and heart (Figure 4). The 
abundance ot eEF-2 kinase mRNA in muscle tissues may indicate that phosphorylation 
of eEF-2 is particularly important in muscle, or that there are additional substrates of 
eEF-2 kinase which arc muscle-specific. 



Lack of Homology of eF:F-2 Kinase to Members of Eukaryotic Protein Kinase 
Superfamily. The alignment of the ammo acid sequences of C. elegans and 
mammalian eEF-2 kinases is shown in Figure 5. Rat and mouse eEF-2 kinase are very 
15 similar being 97% identical and differing by only 23 amino acids. Human eEF-2 
kinase is 90% identical to mouse and rat eEF-2 kinase. In contrast, C elegans eEF-2 
kinase is found to be only 40% identical to mammalian eEF-2 kinase. 

According to the current classification, eEF-2 kinase belongs to the family of closely 
20 related calmodul in-dependent protein kinases. Surprisingly, upon analyzing eEF-2 
kinase sequences, any homology to the other calmodulin-dependent kinases or to any 
other members of the protein kinase super-family was not found. The only motif which 
it shares with all other protein kinases is the GXGXXG motif (279-284 in C. elegans 
eEF-2 kinases; 295-300 in mouse eEF-2 kinase) which forms a glycine-rich loop and 
25 is part of the ATP-binding site. Comparison of mammalian and C. elegans eEF-2 
kinase revealed only one extended region of homology that spans "200 amino acids 
upstream of the GXGXXG motif. The high degree of similarity and the proximity to 
the nucleotide-binding site suggests that these 200 amino acids represent the catalytic 
domain. This region has a high degree of similarity and a portion of this region (amino 
30 acids 251-300 in mouse eEF-2 kinase) displays 15% identity to the catalytic domain of 
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MIICKA (sec below), which also suggests that this is the catalytic domain. In the 
recently published rat cHF 2 kinase sequence [Redpath et al.. J. liiol. Chem. 271: 
17547-17554 (1996)]. the catalytic domain was predicted to reside between amino acids 
288 and 554 based on the homology with the catalytic domain of cAMP-dependant 
5 protein kinase (PKA). The results demonstrate dial their prediction cannot be correct 
for several reasons. First, the homology of this region with PKA is not statistically 
significant. Second, this region is the least con.served between mammalian and C. 
elegans eEF-2 kinase. Finally, according to secondary structure predictions [made by 
Alexei V. Fmkelstein. Institute of Protein Research, Russia using the ALB-GLOBULE 
10 program [Ptitsyn and Finkelstein, Biopolymers 22:15-25 (1983)] 1, this region most 
likely has a distorted structure and contains almost no a-helices or (3-sirands, which are 
characteristic ol a catalytic domain. 

Because eEF-2 kinase is CA' Vcalmodulin-dcpendant, it should contain a calmodulin- 
15 binding domain, which is usually represented by an amphipathic a-helix. There arc 
several regions that could possibly assume an amphipathic a-helical conformation. 
Further biochemical analysis is required to determine which of these is the calmoduiin- 
binding domain. 

20 In the C-terminal region, there is a short stretch of 22 amino acids which is 86% 
identical between mammalian and C eh^yjins eEF-2 kinase and is preceded by a longer 
region of weak homology. One of the possibilities is that it is that it is mvolved in 
oligomerization of the kinase. It was thought previously that eEF-2 kinase was an 
elongated monomer because it migrated during gel filtration as an ^150-kDa protein 

25 and migrated on SDS gels as a 105-kDa polypeptide [Ryazanov and Spirin, 
Translational Regulation of Gene Expression. Pienum, NY, Vol 2, pp 433-455 (1993); 
Abdelnajid etaL, Int. J. Dew liioL. 37:279-290 (1993)J. However, the molecular 
weight of a monomer of mammalian eEF-2 kinase based on the predicted sequence is 
just 82 kDa. Thus, it is possible that eEF-2 kinase is not a monomer but a responsible 

30 for dimerization. Interestingly, according to computer prediction using the COIL 
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proyram, this conserved region can form a coiled-coil. Formation of coiled-coil is 
often responsible for dimerizaiion [I.upas. Trends Biochcfu. Sci.. 21:375-382 (1996)]. 

5 EXAMPLE 6 

Striking Homology Between eEF-2 Kinase and .MHCK A from Dictyostelium. It 
was found that eEF-2 kinases is homologous to the central portion of the recently 
described MHCKA from Dictyostelium [Futey el al., 7. BioL, Chem. 270:523-529 
(1995) see Figure 5]. The kinase was biochemically identified as a 130-kDa protein 

10 and has a demonstrated role in myosin assembly, both in vitro and in vivo [Futey et ai , 
1995, supra]. As with eEF-2 kinase. MHCKA displays no region with detectable 
similarity to the conserved catalytic domains found in known eukaryotic protein 
kinases. Primary structure analysis of MHCKA revealed an amino-terminal domain 
with a probable coiled-coil stmcture, a central nonrepetitive domain, and a C-terminal 

15 domain consisting of seven WD repeats [Futey et al. , 1995, supra], A fragment of the 
central nonrepetitive domain of MHCKA containing amino acids 552-841 was recently 
shown to represent the catalytic domain [Cote et al., J. Biol. Chem. 272:6846-6849 
(1997)]. 

20 Because the catalytic domain of MHCKA and eEF-2 kinase have a high degree of 
similarity, the substrate specificity of these two kinases was assayed. Figure 6 shows 
that MHCK A cannot phosphorylate eF^F-2, and likewise, rabbit eEF-2 kinase cannot 
use myosin heavy chains as a substrate. This demonstrated that each of these kinases 
is specific for their respective substrates. 

25 

EXAMPLE 7 

eEF-2 Kinase and MHCK A Define a Ne>v Class of Protein Kinases. Members of 
the eukaryotic protein kinase superfamily are characterized by a conserved catalytic 
30 domain containing approximately 260 amino acids and is divided into twelve 
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subdomains [Hanks and Hunter, FASEB J., 9:576-^96 (1996); Hardic and Hanks, The 
Protein Kinase Facts Hook, Academic, London (1995), Taylor ei ciL . Anna. Rev. Cell 
Biol. 8:429-462 (1992) Johnson et ai. Cell. 85: 149-158 (1996)J. The three- 
dimensional structure of several protein kinases revealed that the catalytic domain 
5 consists of two lobes. The smaller N-terminal lobe, which has a twisted P-sheet 
structure, represents the ATP-binding domain. The larger C-terminal lobe, which is 
predominantly a-helical is involved in substrate binding. At the primary structure 
level, the only motif similar between eP2F-2 kinase, MHCK A, and other protein 
kinases is the GXGXXG motif which forms the loop interacting directly with the 

10 phosphates of ATP [Hanks and Hunter. 1996, supra: Hardie and Hanks 1995, supra; 
Taylor et ai., supra]. In eukaryotic protein kinases, this motif is located at the very 
N terminus of the ATP-binding lobe of the catalytic domain. In contrast, in a eEF-2 
kinase and MHCK A. this motif is close to the C terminus of the catalytic domain (see 
Figure 7). However, the overall topology of the ATP-binding subdomain of eEF-2 

15 kinase and MHCK A can be similar to other protein kinases because the region 
upstream of the GXGXXG motif is strongly predicted to contain four or five P-strands 
and thus can form a twisted P-sheet. 



However, the mechanism of ATP-binding to eEF-2 kinase is probably quite different 
20 in comparison to other conventional members of the eukaryotic protein kinase 
superfamJly. In protein kinases, there is a conserved lysine residue, corresponding to 
Lys-72 in cAMP-dependant protein kinases which binds to the P- and y-phosphates of 
ATP and is located at about 20 amino acids downstream of the GXGXXG motif. 
Analysis of eEF-2 kinase and MHCK A sequences revealed that there are no conserved 
25 lysine residues in the vicinity of the GXGXXG motif. There is another atypical protein 
kinase, BCR-ABLE, which does not contain this conserved lysine and it is proposed 
that it interacts with ATP via two cysteine residues [Maro and Witte, Cell, 67:459-468 
(1991)]. Interestingly, eEF-2 kinase and MHCK-A contain two conserved cysteine 
residues (Cys-313 and Cys-317 in mouse eEF-2 kinase) which are located near the 
30 GXGXXG motif and therefore might be involved in ATP binding. Thus the 
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mechanism of ATP-hinding of eEF-2 kinase and MHCK A is different from other 
members of the protein kinase superfamily , hut may be similar to that of ihc BCR- 
ABLE protein kinase. 

5 The overall catalytic mechanism of eEF-2 kinase and MHCKA is probably also very 
different from other eukaryotic protein kinases. All members of the eukaryolic protein 
kinase superfamily contain a DXXXN motif in the catalytic loop and a DFG motif in 
the activation segment [Hanks and Hunter, 1996; supra. Hardie and Hanks 1995, 
supra: Taylor et al. , supra; Johnson et ai , 1996, supra]. These two motifs, which are 
10 directly involved in the catalysis of the protein phosphorylation reaction, are absent 
from the eEF-2 kinase and MHCK A catalytic domain. 

It is not known whether there are other protein kinases which are structurally similar 
to eEF-2 kinase and MHCK A. An extensive search of the entire nonrestricted 

15 database of the National Center for Biotechnology Information using the BLAST 
program did not reveal any protein with a significant homology to the catalytic domain 
of eEF-2 kinase and MHCKA. A search of the Expressed Sequence Tag (EST) 
database revealed several ESTs from C. elegans, mouse and human which are 
essentially identical to portions of eEF-2 kinase cDNA sequences reported here. 

20 Interestingly, a search of the recently completed genome database of Saccharomyces 
cerevisiae did not reveal any protein with homology to eEF-2 kinase despite the fact 
that eEF-2 phosphorylation was reported in yeast (41). 

Conclusion. Since the catalytic domains of eEF-2 kinase and MHCK A do not share 
25 homology with other known protein kinases, these two protein kinases establish the 
presence of a novel and widespread superfamily of eukaryotic protein kinases. 
Although the existence of several unusual protein kinases have been reported, to the 
knowledge, it was demonstrated for the first time the existence of a biochemically 
wcll-characterizcd and ubiquitous protein kinase that is structurally unrelated to other 
30 serine/threonine/tyrosine kinases. Contrary to the widely accepted belief that all 
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eukaryotic protein kinases evolved from a sinple ancestor, the results suggest that 
cukaryotic protein kinases appeared at least twice during the course ol" evolution. This 
also suggests that, in addition to the relatively well-cliaracterized catalytic mechanism 
employed by members of cukaryotic serinc/threonine/tyrosine protein kinase 
5 superfamily, there exists another mechanism of protein kinase superfamily, there exists 
another mechanism of protein phosphorylation. Further studies will reveal the 
molecular details of this mechanism and whether there are other protein kinases that 
phosphorylate their substrates using this mechanism. 

10 EXAMPLES 

Preparation of recombinant eEF-2 kinase fusion proteins with (;S I , 6\His, and 
thioredoxin. Iluman cFJ--2 kinase cDNA was cloned into three diflerent expression 
\'ectors: pGnX-2T (Pharmacia Biotech. Piscatawa} . N'j): pRSFT A (Inxitrogen. Sorrento 
Valley. CA): and, pi iiioHisB (Invitrogen). After transformation into Escherichia co/i 

15 strain BL21(DE3). transformants were cultured in LB broth containing 50 |.ig/ml 
ampicillin. When the cultured reached an A^,^i^^ value of 0.7. isopropyl-^- 
thiogalactopyranoside (IPTG) was added to the bacterial cultures to a final concentration 
of 0.5 |.iM to induce expression. After three hours, the cultures were harvested by 
centrifugation. and the cells were then sonicated. After extract preparation and analysis 

20 by SDS-PAGE, it was Ibund that all of the expressed tag forms of the eEr-2 kinase were 
in inclusion bodies. Inclusion bodies were precipitated, dissolved in 8.0 M urea, and 
dialyzed overnight against 20 niM 1ris-IICl (ph. 7.0) buffer containing 100 mM NaCl 
and 4 mM (3-mercaptoethanol. The refolded protein was analyzed by SDS-PAGK and 
as.sayed for the ability to phosphorylate eEF-2. All of Uie fusion eEF-2 kinase 

25 preparations were able to efficiently phosphorylate eEF-2. 

EXAMPLE 9 

eEF-2 Kinase Activity- Assay Using a 16- Amino Acid Peptide Derived from Myosin 
Heavy Chain as tlie Phosphorylation Target, it was found that 16'mer peptide, 
30 RKKFGESEKFK rKi'lM^. can serve as a eood substrate for eEl -2 kinase. (Note: circular 
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dichroisni measurements indicated that this peptide is in an a-helical structure, and that 
amidation of the j^epiide further stabih/cs tlie a-helical structure, resuhmg m stronger 
phosphoacceptor activity.) Since reconVnmant eEf -2 is impossible to o\'erexpress. as 
discussed s upra, and kirge amounts of the protein are required to for large scale screening 
5 assays, the discover} of a peptide (casiK synthesized on a large scale) that exhibits the 
same phosphoacceptor activity as eEF-2 was the critical breakthrough that allows ibr the 
development of a \'ariety of automated high throughput screening assays for screening 
drug candidates. 

10 The basic assay is as follows: 0.2-10.0 pg of recombinant eEl"'2 kinase (produced as 
described in EXAMPLE 6) is incubated with the 16'mei- peptide (described above) in a 
buffer consisting of 12.5 mM Ilcpes-KOII (ph. 7.4). 2.5 mM magnesium acetate. 1.25 
mM DTT. 25 pM CaCU, 0.05-2.5 )ag calmodulin. 100 |.iM ATP. and 0.5 |.iCi Iy-"T1ATP 
in a total volume ol' 5-250 pi. Samples are incubated at 30X and aliquots can be 

15 withdraw^n at various time points or at a single end point, and the reaction terminated by 
lowering the temperature (<4''C). The aliquots are then spotted onto phosphoccllulose 
paper (2 cm x 2 cm) and washed (4x4 min) with 75 mM phosphoric acid. The papers 
are then rinsed with 100% cthanoL dried, and then counted in a scintillation counter. The 
assay can be perfonned at various peptide concentrations, as was done in the experiment 

20 illustrated in Figure 8. Clearly for a high throughput drug screening assay, that would 
be amenable to automation, the assays would most likely be performed using one peptide 
concentration v^-ith increasing amounts ol different drug (inhibitor) candidates, and the 
data collected at a single time point. The assay can be performed in any one of the 
following formats: 

25 1 . with i Y--P]ATP or [y-'^P ] ATP and then detected using cither 

standard scintillation counting, or detected in the format of a 
homogeneous assay using a ScintiUation Proximity Assay, described 
m detail in both the Amersham Product Catalog (1997). pp. 252-258, 
and I I.S. patent number 4.568,649: 
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2. in an\ of a number of standard immunoassay formats using 

antibodies that are specific for the phosphorylated form of the 16'mer 

peptide. Detection would tlien be. as described in more detail supra, 
throuL!h tlie use of either isotopicalK - or nonisotopically-labcled 
5 antibodies. secondarN' antibodies, or 16'mer peptide. 



liXAMPI.E 10 
Cancer cell killing by chemotherapeutic 
drugs requires protein synthesis, and can l)e blocked by cycloheximide 

10 

It has been well established that protein synthesis is required for apoptotic cell death 
induced by a variety of stimuli, including anticancer drugs. Inhibition of protein 
synthesis by cycloheximide prevent apoptotic cell death, and protects cancer cells from 
treatment with anticancer drugs. The exact molecular mechanism by which protein 

15 synthesis modulates cell death is unclear. The results demonstrated herein demonstrate 
that translational elongation factor-2 kinase (eEF-2 kinase) can be activated by a slight 
decrease in pH. Activation of this kinase leads to commonly observed during apoptotic 
cell death, activation of this kinase, and hence inhibition of protein synthesis during 
apoptosis, is expected to be anti-apoptotic. Because of the possible anti-apoptotic 

20 function of eEF-2 kinase, inhibition of eHF-2 kinase is expected to sensitize tumors to 
apoptotic cell death and anticancer drugs. Specifically, activation of eEF-2 kinase in 
hypoxic solid tumors (a low pH environment) is anti-apoptotic. Consequently, the 
specifie inhibition of eEF-2 kinase can sensitize hypoxic solid tumors in apoptotic cell 
death and to the cytotoxic action of anticancer drugs. 

25 

One of the major obstacles in cancer therapy is the resistance of cancer cells to 
chemotherapeutic drugs. Of the many types of drug resistance, the most commonly 
addressed is multidrug resistance. Multidrug resistance is a particular phenotype which 
is characterized by an unusual resistance of cells to a variety of anticancer drugs with 
30 unrelated chemical structures. Among various mechanisms of multidrug resistance, the 
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most important and intensively studied is the multidrug resistance conferred by P- 
glycoproicin. According to the current model, P-glycoprotein protects cells by actively 
pumping drugs out of cells. 



5 Recent evidence suggests that there is another type of drug resistance thai involves 
inhibition of programmed cell death, or apoptosis. Due to intensive research in the past 
several years, it has become well established that anticancer drugs kill cells by inducing 
apoptosis. Apoptosis is an active process that is accompanied by activation of specific 
signal transduction pathways, and requires expression of specific proteins. Although 
10 there are a few exceptions, in most cases, it has been observed that inhibition of protein 
synthesis by cycloheximide can block cell death induced by anticancer drugs. Table 
1 provides a list of examples where it was demonstrated that cycloheximde can prevent 
cytotoxicity of anticancer drugs. 



15 Table 1: Examples where cycloheximide was shown to protect cells and tissues from 
cell death caused by anticancer drugs. 



Drug 


Cell Type 


Reference 


Topolsomerase I inhibitors 


Campioihecin 


HL-60 (human promyelocyte) 


5. Gong et al. (1993) J. Cell 
P/n\wo/. 157:263-270. 


(^'imptothccin 


Mouse ihymocyles 


6. Onishi et al., (1993) 
Biochcm. Biphys. Acta 1175: 
147-154. 


CPT-11 


PLC (humaji hepatoma) 


7. Suzuki & Kaio (1996) 
Exp, Cell Res. 227:154-159. 


Topolsomerase 11 inhibitors 


Doxorubicin (adriamycin) 


V79 (rodent fibroblastsO 


8. Bonner & Lawrence 
(1989) Ini. 7. Radial. Oncol. 
Biol. Phvs. 16:1209-1212. 
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I3(ixorul)icin (acirianiycin) 


(mouse Iciikcniia j; mice 


V. Furusawa ci al. (1995) 
Biol, riiarm. Bull. 18:1367- 
1372. 


Doxorubicin (adi ianiycin) 


iniirine iiiicstiiial tract: mouse 
ihyniocvies 


10 Thakkar & Poiten (1992) 
Biochem Pharni 43-16H3- 
1691. 


Eioposidc 


Balb/C 3T"> (mouse 
fibroblasis); CCRF-CHM 
(human lymphoblast cells): 
LU)12 (mouse leukemia cells) 


1 1 Chow ci al. (1988) 
Bifichcm Phunn "^Tlll?- 

A-' I \ f f 9 t * i f i% i f f f i /111/ 

1122. 


Hioposide 


mouse thymocytes 


12 Sun ei al. (1994) 
Biochem. Pharni. 47: 187 

1 9.^ . 


Microtubule drugs 


Taxol 


KB (human epidermoid 
carcinoma); 


13 Ling ei al. (1998) hu. J. 
Cancer 75:925-932 




A549 (human lung 
adenocarcinoma) MCP-7 

(liuinan breast ) 


14 Liebman et al. (1994) 
Anticancer Drugs 5:287-292 


Vincristine 


Ksu (human osteosarcoma) 


15 Sakai el al. (1989) 
Cancer Res. 49:1193-1196. 


Vincristine 


CHO stram AA8 


16 Kung ei al, < 199()» 
Cancer Res. 50:7307-7317. 


Colchicine 


Ksu 


15 Sakai et al. (1989) 
Cancer Res. 49: 1 1 93- 1 1 96 


Other drugs 


Ara C 


rai inieslme 


17 Verbin et al. (1973) 
Cancer Res. 33:2086-2093. 


Nitrogen mustard 


rai intestine 


18 l.ieberman et al. (1970) 
Cancer Res. 30:942-951 


5-AZT 


mouse thymocytes 


19 Ki/aki et al. (1993) 
Immunopharm. 25: 19-27. 
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C'isplaiin 


cuo 


20. Barry ei al. (1990) 
Biochem. Fharm .40:23 53- 
2362 


Methotrexate 


mice 


21 . Panasci ct al. (1982) 
Cancer Leu. 15:81-86. 



5 While most of these studies were performed on cells in culture, there is also evidence 
that protein synthesis is required for the cytotoxic action of anticancer drugs in vivo. 
It was demonstrated by Furusawa el al. (9) thai, in mice, the toxicity of doxurbicin as 
well as its antitumor effects, can be effectively counleracted by injection of 
cycloheximide. In another study (21) it was found that injection of cyclohcximide can 
10 significantly reduce the toxicity of methotrexate. Thus, inhibition of protein synthesis 
may be considered a mechanism that confers resistance to anticancer drugs. 

Cellular mechanism of protein synthesis inhibition: elongation factor-2 
phosphorylation: h appears that, although eEF-2 kinase is strictly Ca~"/calmodulin- 

15 dependant, it requires very low concentrations of Ca"^/calmoduline for activity, and 
physiolgically relevant changes of intracellular Ca*^ * are unlikely to cause a strong 
effect on eEF-2 kinase activity. On the other hand, it appears that changes in pi I can 
drastically modulate eEF-2 kinase (see Preliminary Results). At pH^7.4, eEF-2 kinase 
activity is very low, and increased dramatically 10 to 20~fold upon a slight decrease in 

20 pll to 6.6. Thus, eEF-2 kinase appears to be a proton-activated protein kinase. It was 
also tound that the pll-dependancc of eEF-2 kinase activity closely correlated with pH 
dependance of protein synthesis inhibition. This observation suggests that eEF-2 kinase 
may be responsible for protein synthesis inhibition during acidification of the 
cytoplasm. Since significant acidification occurs during apoptosis, this acidification 

25 may result in the inhibition of protein synthesis due to activation of eEF-2 kinase and 
phosphorylation of eI^F-2. Activation of eEF-2 kinase by acidic pH may explain the 
previously reported strong increase in eEF-2 phosphorylation seen in brain tissue from 
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Alzheimer's patients, as well as thai seen in neurons alter treatment with gluiamate {35. 
36). 

The role of eEF-2 kinase in drug resistance: Activation ol eEF-2 kinase by an acidic 
5 pll suggests that it may play an important role in regulation of protein synthesis during 
apoptosis. It is now well established that a significant decrease in intracellular pH is 
part of the apoptotic process. A drop in pll by 0.5-1 pH unit is universally observed 
during apoptosis induced by various agents, including anticancer drugs (37-43). It was 
found that at an intracellular pH of 6.5-6.8, eEF-2 becomes strongly phosphorylatcd. 
10 Tliis phosphorylation of eEF-2 at an acidic pIT may explain the inhibition of protein 
synthesis that was observed during apoptosis (44. 45). 

Since apoptosis requires ongoing protein synthesis, phosphorylation of eEF-2, and the 
resulting inhibition of translation, may be an anti-apoptolic mechanism. Thus, it is 

15 suggested that eEF-2 phosphorylation is a cellular mechanism that can protect cells 
from apoptosis. To test this hypothesis, the effect of overexpression of eEF-2 kinase 
on drug resistance of mouse fibroblasts was tested. As is shown, overexpression of 
eEF"2 kinase increases approxiinately 10-fold the resistance of cells to different 
cytotoxic drugs, namely campotethicin and teniposide. This result suggests that eEF-2 

20 kinase may be involved in modulation of drug resistance. Thus, inhibition of protein 
synthesis mediated by eEF-2 phosphorylation can protect cells from apoptotic cell death 
by various mechanisms that include up-and downregulation of expression of many 
genes. The pH-dependant increase in eEF-2 phosphorylation may also explain 

the previously observed dramatic increase in malignant cell resistance at low pH. It 

25 was demonstrated that at pH 6.5-6.8. differetit cell lines became more resistant to 
mitoxantrone, paclitaxel, and topotecan (46, 47). 

Drug resistance related to activation of eEF 2 kinase can be particularly important in 
the hypoxic interior of solid tumors, which are characterized by acidic pll (48, 49). 
30 In fact, it was recently demonstrated that eEI -2 kinase activity is drastically 
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upregulated in tumor cell lines (161) and in invasive breast cancer specimens obtained 
from patients (162). Thus, eHF-2 kinase can be an important mechanism contributing 
to drug resistance of cancer cells. 

5 

Accordingly, specific inhibition of eEF-2 kinase can sensitize cancer cells to apoptitic 
cell death and to the cytotoxic action of anticancer drugs. 

The results demonstrate that eEF-2 kinase was dramatically activated by a decease in 
10 pH within the range that occurs during apopiosis and that the pH -dependence of eEF-2 
kinase activation correlated with protein synthesis inhibition in vivo and that 
overexpression of eEF~2 kinase in mouse fibroblasts increased their resistance to 
cytotoxic drugs. Using deletion mutagenesis, it was determined the tentative location 
of the various functional domains of eEF-2 kinase. 

15 

Activation of eEF-2 kinase by low pH: eEF-2 kinase is a Car Vcalmodulin-dependant 
enzyme whose only known substrate is eEF-2. Initially, it was suggested that the 
function of eEF-2 kinase was to phosphorylate eEF~2, and arrest protein synthesis in 
response to an elevation of Ca^"" levels in the cytoplasm. However, in a recent detailed 
20 study of the relationship between intracellular Ca^"" levels, eEF-2 phosphorylation, and 
protein synthesis in GII3 cells, it was shown that a superphysiological increase in Ca^"" 
levels in the cytoplasm produced only an insignificant increase in eEF-2 
phosphorylation that did not affect translation (34). 

25 Analysis of the pH dependence of recombinant GST-eEF-2 kinase demonstrated that 
both autophosphorylation activity and eEF-2 phosphorylation activity were markedly 
pH-dependent. The pH-dependence of eEF-2 kinase activity was quantitatively 

analyzed using a synthetic 16mer peptide substrate ( MH-1; RKKFGESEKTKTKEFL- 
amide. MH-1 corresponds to the MUCK A phosphorylation site m Dictyosielium 
30 myosin heavy chains. It was found it to be an efficient substrate for eEF-2 kinase. 



BNSDOCID --WO 99091 99A2^L^ 



wo 99/09199 




PCT/US98/17272 



67 



Activity ofGST-eEF 2 kinase was assayed as follows: Purified GST-eEP-2 kinase was 
incubated with MH-1 (100 /iM final) in a buffer consisting of 25 niM Hepcs-KOH (pH 
varying), 5 mM magnesium acetate, 2.5 mM DTT, 50 /xM CaCU, 0.5 /xg calmodulin, 
100 iJiM ATP, and 0.5 fxCi [y-^^Pl-ATP (specific activity = 2000 Ci/mmol). The total 
5 volume of the reaction was 50 /xl. The reaction was run at 30°C for various periods 
of time, and was terminated by incubation in an ice-water bath. An aliquot of each 
reaction was spotted onto a 2cm x 2 cm square of phosphoccllulose paper and then 
washed 4x4 minutes in 75 mM phosphoric acid. After a 30 second rinse in 100% 
ethanol, the filter papers were dried, and then counted in a scintillation counter. To 
10 assay for autophosphcnylation activity, kinase assays were run as above except that the 
peptide was omitted from the reaction niixture. 



Figure 10 shows that phosphorylation of the peptide is very ineffective at pH > 7.4, but 
when the pH drops to 6.6, eEF-2 kinase becomes dramatically activated. It was also 

15 analyzed how calmodulin activates eEF-2 kinase at different pH. eEF~2 kinase assays 
were done as described above, but with different concentrations of calmudulin at pH 
6.6 and at pH 7.4. It appears that at pH 6.6, the K, for calmoduline is about 10'' M, 
while at pll 7.4, the K, is approximately 10^. These results suggest that changes in 
intracellular Ca'^ at physiological pH-will not significantly affect eEF-2 kinase activity, 

20 which is consistent with recently reported results on GH3 cells (34). 



To determine how specific this pH effect is for eEF-2 kinase, the pattern of protein 
phosphorylation at different pH in extracts from rat heart tissue was analyzed. A heart 
was dissected from a freshly killed rat and frozen in liquid nitrogen. The frozen tissue 

25 was homogenized in a buffer containing 25 mM Hepes-KOH (pH 7.4), 100 mM NaCl, 
3mM EDTA, 2mM EGTA, 40 /xg/ml soybean trypsin inhibitor, 0.5 mM PMSF, 20 
mM Na pyrophophatase. The homogenate was clarified by centrifugation for 20 min. 
at 16,000 xg at 4°C. In order to assay for eEF-2 kinase activity, 10 /xl of the 
homogenate was added to a reaction mixture containing 50 mM Hepes-KOH (at various 

30 pH). 10 mM magnesium acetate, 5 mM DTT. 100 /xM CaCl2, 0.5 /xg calmodulin, 60 
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fiM ATP, and 2 fiCi [y''P1-ATP (specific activity - 2000 Ci/mmol). The total 
volume ot the reaction was 40^il. The reaction was run at 30 °C for 5 minuics, and was 
lerminaied by incubation in an ice- water bath. Lacnimli sample buffer was added, and 
the reaction mixture was boiled for 5 minutes. Samples were analyzed by 8% SDS- 
5 PAGE and autoradiography. As can be seen from iMgure 3, eEF-2 was the only protein 
whose phosphorylation increased in response to a decrease in pH. 

Next whether a decrease in pH, of cells in culture resulted in inhibition of protein 
synthesis, and whether it correlated with activation of eEF-2 kinase were analyzed. 

10 Protein synthesis w^as measured in GH3 cells by |^'H]-Lcu pulse-incorporation. GH3 
cells were pre-incubated for 30 minutes in Ham's F-10 medium at 0,2 pi I unit intervals 
froin pll 6.0 to 8.0. Leucine pulse-incorporation was measured as described in 
Brostrom et al. (115). 1 mM Ca""" and 100 fxM [TI]-Leu were added to the medium 
for a 15 minute incorporation period. Cells were harvested by centrifugation, washed, 

15 and lysed. Unincorporated label was removed by TCA precipitation, and Leu 
incorporation was measured by scintillation counting. 

The actual intracellular pH was verified by incorporating BCECF/AM into GH3 cells 
in balanced salt solution buffered at pll 7.4 for 30 minutes. One set of cells was 
20 washed and re-suspended in normal balanced salt solutions at 0.2 pH unit intervals 
between 6.0 and 7.8. The other set of cells was re-suspended in high-K -f buffer 
containing nigericin. A ratio of excitation of 485nm/440nm with emission at 530 nni 
was determined for each sample and pH, was calculated as described by Thomas et al. 
(116). 

25 

The results of these experiments are shown in Figure 11. A decrease in the 
intracellular pH produced a strong inhibition of protein synthesis, which indeed 
correlated with the pfTdcpendencc of eEF-2 kinase activity . These results demonstrate 
that eEf^-2 phosphorylation may be a mechanism responsible for mhibiting protein 
30 synthesis at a low intracellular pH. Since the decrease in intracellular pH to the level 
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that strongly activates eEF-2 kinase is universally observed during apoptosis (37-43), 
this provides evidence that elir-2 phosphorylation may be responsible lor protein 
synthesis inhibition during apoptosis. 

5 Effect of overexpression of eEF-2 kinase on the cellular resistance to anticancer 
drugs: Cell lines overexpressing eEF-2 kinase by stably transfecting N1II/3T3 cells 
with fiill length murine eEF-2 kinase cDNA were created. Murine eEF-2 kinase cDNA 
was cloned into pCMV-SPORT2 (GIBCO/BRL) under the control of a CM V promoter. 

N1H/3T3 cells were co-transtected with pCMV-SPORT2-EF2K and pSV2neo, using 
10 Lipofectamine (GIBCO/BRL). Stable transformants were selected with 04^^ (0.5 
mg/ml), and were further maintained in medium containing G4j^. A control cell line 
(C13) was produced by co-transfeciion of N1H/3T3 cells with empty pCMV- 
SPORT2/pSV2neo. The expression of eEF-2 kinase niRNA in the selectants was 
assayed by Northern blot analysis. Two cloned cell lines, designated as E8 and E9 
15 were found to overexpress significantly eEF-2 kinase niRNA, with E9 giving the 
maximal level of expression. 

In order to verify that overexpression of eEF-2 kinase mRNA in E8 and E9 produced 
an increase in cEF-2 kinase activity, cell lysates were assayed for the ability to 
20 phosphorylate eEF-2. eEF-2 kinase assays were performed as described above. E8 
and E9 indeed showed greatly increased eEF-2 kinase activity in comparison to control 
cells. Overexpression of eEF-2 kinase did not have any effect on the growth 
parameters of cells. Cell cycle distribution of exponencntially growing or quiescent 
cells, as well as growth rates, were the same for clones 8, 9 and control clones. 

25 

To answer the question whether eEF-2 kinase plays a role in resistance, clone E9 
overexpressing eEF-2 kinase was incubated with two cytotoxic drugs, and assessed cell 
survival by MTT cytotoxicity assay. F9 and C13 were plated in 96-well plates at 3000 
cells per well. Cells were grown in DMEM with 10% FCS for 1 day, and then 
30 incubated with different concentrations of camptothecin (CPT) or teniposide (VM26) 
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lor 4 days, and MTl' assays were pcrtormed (Fiiiurc 12). E9 showed significantly 
increased resistance to these drugs. 

EXAMPLE 11 

5 Expression and mutagenesis of recombinant human eEF2 kinase. 

Methods for efficient expression of recombinant eiiI''-2 kinase in bacteria, as well as 
generated and analyzed thirteen deletion mutants were developed. Expression of wild- 
type 6x1 Hs-tagged and GST-tagged human enF-2 kinase in E. coll. Initially, human eEF- 

10 2 kinase was expressed as a fusion protein with 6x1 lis or glutathione-S-transferase 
(GSl ). Human cHf -2 kinase cI^NA was cloned into two different expression vectors: 
pRSEl (Invitrogcn). and pGEX-2T (Pharmacia). After the resulting vectors were 
transformed into E. coli suain JM109(DE3), the transformants were cultured in LB broth 
containing 50 mg/ml ampicillin. At log phase growlli. isopropyl-b-thiogalaciopyrcinoside 

15 (IP! G) was added to the bacterial cultures to a linal concentration of 0.5 mM. After tliree 
hours, the cultures were harvested and the cells were sonicated. 

Both 6xHis-tagged and GST-tagged eE;i''-2 kinase were efficiently expressed as judged 
by the appearance of one major band on Coomassie-stained gels after SDS-PAGE 

20 analysis of crude lysates. Therefore, eEF-2 kinase activity was analyzed directly in the 
crude lysates. In order to assay for cIr;F-2 kinase activity, bacterial lysates were incubated 
with purified rabbit reticulocyte eEF-2 (0.5 mg) in a buffer consisting of 50 niM Hepes- 
KOH (pH 7.4), 10 mM magnesium acetate, 5 mM DTT, 100 mM CaCb, 0.5 mg 
calmodulin, 60 mM A I P, and 2 mCi [g-''P]-A rP (specific activity = 2000 Ci/mmol). 

25 The total volume of the reaction was 40 ml. The reaction was run at SOjC for 10 minutes, 
and was terminated by incubation in an ice-water bath. Laemmli sample buffer was 
added, and the reaction mixture was boiled for 5 minutes. Samples were analyzed by 8% 
SDS-PAGE. The gel was dried and exposed to film overnight. 
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As can be seen in lML!iire 13. rccombinanl (jIiF-2 kinase expressed in E. coli undergoes 
autophosphorylation upon incubation with [g-'l^j-ATP and can eiriciently phosphorylate 
eHF-2. The ability of cHF-2 kinase to undergo autophosphorylation was previously 
reported for the enzyme purified from rabbit reticulocyte lysatc (139). 
5 Autophosphorylatcd el^F-2 kinase was represented by two or three distinct bands, 
showing that autophosphorylation of enF-2 kinase occurs at multiple sites, and slightly 
affects its mobility in the gel. Both the ability of eIZF-2 kinase to autophosphorylate and 
phosphorylate eEF-2 were strictly calmodulin-dcpendent (see Figure 13). 

10 Localization of eEF-2 kinase functional domains by /// vitro mutagenesis: Using //? 
V///7; mutagenesis, thirteen mutants of eF.F-2 kinase were obtained with deletions ranging 
from 36 to 76 amino acids that systematically span ihe entire 

eEF-2 kinase molecule: In vitro mutagenesis was done with the Muta-Gene Phagemid 
15 In Vitro Mutagenesis kit from Bio-Rad which is based on a method developed by Kunkel 
(117). Fluman eEF-2 kinase cDNA was cloned into pCR2.1 (Invitrogen). This plasmid 
has an fl ori so that it can exist as single-stranded, as well as double-stranded DNA. It 
also carries the genes for ampicillin and kanamycin resistance. Thus, this plasmid was 
found to be suitable for use with the Muta-Gene kit 

20 

Fhe construct was transformed into coli strain C,I236, a dut un^ strain. The enzymes 
dlJTPase and uracil-N-glycosylase have been mutcited and are non-functional, thus 
allowing lor a large pool of uracil to be maintained in the cell as well as to allow uracil 
to be incorporated into the replicated jiiasmid. P»acteria carrying the plasmid were 

25 selected by growth in medium containing ampicillin. in order to produce single-stranded 
DNA, cultures of CJ236 were infected w ith helper phage M13K07. Replication of the 
MI3K()7 genome has been partly disabled and, thus, the low copy number of the 
M 1 3K07 genome allows for more packaging of the plasmid instead of helper phage. This 
minimizes contamination of the harvested single-stranded DNA with M13K07 DNA. 

30 There is a kanamycin resistance marker in the M13K07 genome which allows for 
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selection ot" inlecieci bacteria by growinii them in ihc presence of kanamycin. After 
purification troni tlie helper piiage, the single-straiuied I.)NA was mutagenizecl. 30-mer 
oligonucleotides were synthesized which were complementary to a stretch of fifteen 
nucleotides on each side of the region to be deleted. Annealing of the oligo to single- 
5 stranded DNA caused the region to be deleted to loop out. The oligo acted as a primer 
for second- strand s\ nthesis by T7 DNA polymerase. Synthesis was done in the presence 
of thymidine so that the resulting double-stranded construct was a hybrid of a uracil- 
containing strand and a thymidine-containing strand. The mutant plasmid was then 
transformed into K. coli strain DH5a. This strain has a functional uracil-N-glycosylase 
10 which inactivates tlie uracil-containing strand and allows the thymidine-containing strand 
to be replicated. After purification, the mutant plasmid was sequenced to verify that the 
proper deletion was made. Initially, the resulting thirteen mutants were expressed in vitro 
in a coupled transcription/translation system and assayed for eEF-2 kinase activity. 

15 Although using an in ri/ro transcription/translation system is fast and efficient, there are 
two disadvantages. First, it is not quantitative. Second, the amount of protein expressed 
in vitro is very low. To overcome this problem, the thirteen mutants were cloned into 
pGEX-2T (Pharmacia), and expressed as GST fusion proteins in E. coli. 

20 Expression of GS r-eEF-2 kinase deletion mutants in bacteria and purification. All 
thirteen mutants w^ere expressed in coli BL21(DE3) as GST-tagged proteins. 
Expression of GS I -tagged human eEF-2 kinase was done as follows: the cDNA for the 
mutant forms human eEF-2 kinase was cloned into pGEX-2T, and transformed into E. 
coli BL21{DE;3). Cultures were grown at and at log phase growlh, protein 

25 expression was induced with IP I G added to a final concentration of 0.5 mM. After a 3 
hour incubation at 37^*C wath IPTG, cells were harvested by centrifugation. 

Since w ild-type and mutant eEF-2 kinase were found to he highly insoluble, the proteins 
were purified from inclusion, bodies. Bacterial cells were re-suspendcd in sonication 
30 buffer (phosphate-buffered saline. 1 mg/ml lysozyme. 3 mM EDTA. 40 mg/ml soybean 
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trypsin inliibilor. 0.5 mM PMSF. 20 mM Na pyrophosphate) and sonicalcd. Lysatc was 
ecntriluged at 16.()()()xu for 30 minutes al 4"C to pellet inelusion bodies. Pellet was re- 
suspended in a buffer eontaining 20 niM 1 ris-IICI (pH 7.0), 100 mM NaCl. 7 mM b- 
mercaptoethanol, 6 M urea and incubated on ice for 20 minutes. Lysale was dialyzed 
5 overnight at 4X: against buffer consisting of 20 mM Tris-HCl (pH 7.0). 1 00 mM NaCL 
and 7 mM b-mercaploethanol. Dialyzed material was centrifuged at 16,000 xg for 20 
min. at 4^C to remove any remaining insoluble material. 

Cilutathione-agarose (Sigma) was added to the dialysate (bed \'olume - 1/2000 of culture 
10 volume), and incubated at 4''C for 2 hours with gentle shaking. Cjlutathione agarose was 
pelleted by ccntrifugalion and washed 3x with PRS ( I Ox bed volume). Bound GST-EF-2 
kinase was eluted with 50 mM I ris-I ICl (pH 8.0) containing 25 mM reduced gktothione 
(Volume of elution buffer bed volume). Elution was done on ice for 20 minutes. 

15 Analysis of activitA^ of deletion mutants: The thirteen deletion mutants were assayed 
for the ability to phosphorylate eHF-2 and to undergo autophosphorylation. eEF-2 
(Figure 14)kinase assays were performed as described above using purified rabbit 
reticulocyte eEF-2 as a substrate, and the pFI of the reaction was 6.4. Mutants with 
deletions between amino acids 51-335 w^ere neither able to phosphorylate eEE-2 nor to 

20 undergo autophosphorylation. On the other hand, deletions between amino acids 52 1 -725 
caused a loss of eEF-2 kinase activity, but not a loss of autophosphorylation activity. 
This demonstrates that the catalytic domain is located between amino acids 51-335 while 
the region between amino acids 521-725 is important for eEF-2 recognition. The region 
between amino acids 336-520 probably serves as a hinge between two domains. 

25 

A summary of the results of mutational analysis of human eEF-2 kinase is shown in 
Figure 14. Mutational analysis reveals that eEF-2 kinaise can be subdivided into two 
domains connected by a hinge region. The N-terminal domain represents the catalytic 
domain, and the C-terminal domain represents the eEF-2 targeting domain. 1 his is 
30 consistent with the location of the catalytic domain as predicted by comparison of eEF-2 
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kinases from dilTcront species (27) As was discussed in the Background and 
SiLinificance section, the amino acid sequence c^f this region displa\'s no homolog\' to the 
catah tic domains oi the con\ entional protein kinases, but appears to be highly similar to 
the catalytic domains of the recenth described myosin heavy chain kinases from 
5 Diayostelium. Further experiments will define more precisely the location of the 
functional domains. 

The results clearly demonstrate that the location of the catalytic domain of rat cHF''-2 
kinase suggested by Redpath et al. (140) in between amino acids 288-554 is incorrect. 

10 

Location of calmodulin-binding domain: in all mutants able to undergo 
autophosphoiTlation. this phosphorylation was strictly calcium/ calmodulin-dependent, 
suggesting that the calmodulin-binding region is located within amino acids 51 to 335. 

15 To locate the cahiiodulin-binding domain more precisely, five mutants were analyzed 
wuth deletions between amino acids 51 to 355 for their ability to bind calmodulin- 
agarose. The only mutant of eEF-2 kinase not able to bind calmodulin-agarose contains 
a deletion of amino acids 51-96. The actual calmodulin-binding site is probably within 
amino acids 81 to (FKEAWKIIAIOKAKH). which are predicted to form an 

20 amphipathic a-helix. The homologous sequence from C\ dedans eHF-2 kinase 
(LMKTWRKAARRART) is also predicted to form an amphipathic a-helix. 

Expression of correctly-folded eEF-2 kinase: Although CiST- and 6xHis-eEF-2 kinase 
expressed in bacteria w^as enzymatically active, the majority of recombinant protein 

25 ended up in inclusion bodies. The inclusion bodies were precipitated, dissolved in 8M 
urea, and dialyzed overnight against 20 mM Tris buffer (pH 7.0) containing 100 mM 
NaCl and 4 mM b-mercaptoethanol. The refolded protein was analyzed by SDS-PAGE 
and assayed for the abihty to undergo autophosphor\ lation and to phosphorylate eEF-2. 
Preparations of refc^lded riST-eEF-2 kinase and 6xHis-eEF-2 kinase contained 

30 predominantly one band corresponding to eEF-2 kinase. In the case of GST-tagged cEF- 
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2 kinase, the protein was further purified using ghiiathione-Sepharose. (iel filtration 
analysis ol" recombmanl eLI'-Z kinase on Superdcx-2()() revealed that boili 6xHis- and 
GST-eFF-2 kinase eluted predominanlK' in the \c>id volume, indicating that it was 
aggregated. This aggregated kinase was en/ymatically inactive. eEF-2 kinase activity 
5 eluted in the fractions corresponding to a Stokes radius of 52, Approximately 4% of the 
refolded eHF-2 kinase eluted in this area. The specific activity of eEF-2 kinase was 5 
mmoles/min/mg. which is slightly higher than the specific activity of eEF-2 kinase 
purified from rabbit reticulocytes. The extremely low yield of active cEF-2 kinase 
prompted to search ior alternative methods for expression of recombinant kinase. 

10 

eEF-2 kinase was expressed as fusion with thioredoxin in order to obtain a soluble 
protein because it was reported that thioredoxin can prevent accumulation ol' recombinant 
proteins in inclusion bodies (149). Human eEF-2 kinase cDNA was cloned into the 
expression vector p I hioHis (hivitrogen). The thioredoxin expressed from this vector has 

15 additional histidinc residues so it can also function as a His tag. Tthiorcdoxin-eEF'-2 
kinase was found to remain soluble and was enzymatically acti\'e. Moreover, its elution 
profile on Mono Q and Superdex-200 was very similar to eEF-2 kinase purified from 
rabbit reticulocytes, w^iich shows that it was correctly folded. This His-thiorcdoxin- 
taggcd kinase can be efficiently and easily purified from total lysates by immobilized 

20 metal affinity chromatography (IMAC) or by ThioBond resin (Invitrogen). This fusion 
protein also contains an enterokinase cleavage site, which allows for removal of the His- 
thioredoxin tag. Thus, a method to express active and, most likely correctly folded, eEF- 
2 kinase which will facilitate the studies was demonstrated. 

25 Phosphor>'lation of synthetic peptides by cEF-2 kinase: Redpath ei al. (118) were 
able to detect some |g-'T^l-A'l P incorporation into a synthetic peptide corresponding to 
residues 49-60 of eEF-2 (RAGETRFTDTRK). which encompasses the phosphorylation 
site of eEF-2. The rate ot phosphorylation was low, and the K,„ was very high (»2.5 
mM). A larger peptide corresponding to amino acids 48-66 oi eHF-2 
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( ARACjE I Rni")TRKr)EQ[:RC), was sx nthesizcd and was unable to detect any 
phosphon laticMi alter mcubation with [y - I^|-A I P and recombinant eEF-2 kinase. 

As can be seen in Figure 1 5. eEF-2 kinase can efficiently phosphor\'late MH-1 . The Km 
5 of this reaction was approximately 150 mM, which is similar to the Kpi of the 
phosphor\'lation of MM-1 by MHCK A ( 105 mM; 1 19). If an a-helical conformation is 
necessary for recognition of Mll-l by eEF-2 kinase, then removal of the C'-tcrminal 
amide from MI l-1 should reduce the a-helical propensity of the peptide, and thus, make 
it a less efficient substrate for ctlF-2 kinase. As can be seen in Figure 1 la, this is the 
10 case. An uncapped version of the peptide (called MH-U) can serve as a substrate for 
eEF^-2 kinase, although a significantly less efficient one. The reduction of 
phosphorylation efficiency is due entirely to a change in Km. which for MH-U is 
approximately 400 mM. 

It is interesting that the sequence of MFI-1 is quite different from the sequence 
surrounding the phosphorylation site in eEF-2 (see Figure 15B). When looking at the 
primary structure, the threonines that undergo phosphorylation are surrounded in these 
two peptides by very different amino acids. But when the same sequences are folded into 
a-helices. the surrounding environment of those phosphoacccptor threonines is very 
similar, as can be seen in Figure 15B: in both cases, there is a basic amino acid to the left 
and a glutamate follovved by a basic amino acid on the right. This pattern may represent 
the consensus sequence for recognition by eEF-2 kinase and the related protein kinases. 
Thus, as demonstrated herein eEF-2 kinase phosphorylatcs amino acids located within 
a-helices. 

While the invention has been described and illustrated herein by references to various 
specific material, procedures and examples, it is understood that the invention is not 
restricted to the particular material combinations of material, and procedures selected 
Ibr that purpose. Numerous variations ol such details can be implied as will be 
appreciated by those skilled in the art. 
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WHAT IS C I,AIM1:I) IS : 

1 1. A proiein kinase which is a member of a superfamily , said protein kinase 

2 being characterized by: 

3 A. greater than 40% sequence similarity with eEF-2 kinase from 

4 any organism; and, 

5 B. phosphorylates an amino acid within an alpha helical domain 

6 of its target protein. 

1 2. A protein kinase of Claim 1 which phosphorylates cukaryotic elongation 

2 factor-2 (eEF-2), and is designated as eukaryotic elongation factor-2 kinase (eHF-2 

3 kinase). 

1 3. A protein kinase of Claim 1 which phosphorylates eukaryotic myosin heavy 

2 chain (MHC), and is designated as myosin heavy chain kinase (MHCK). 

1 4. A protein kinase of Claim 1 that phosphorylates a peptide sequence derived 

2 from the phosphorylation site of a target protein. 

1 5. A peptide sequence having SEQ ID NO: 20. 

1 6. A protein kinase of Claim 1 which is a polypeptide having an amino acid 

2 sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and 

3 SEQ ID NO: 10, and fragments thereof. 

1 7. A protein kinase of Claim 1 which is derived from mammalian cells. 
1 8. A protein kinase of Claim 1 labeled with a detectable label. 
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1 9. A protein kinase of Claim 8 w herein the label is selected from enzymes, 

2 chemicals which fluoresce, and radioactive elements. 

1 10. An antibody to the protein kinase of Claim 1. 

1 11. An antibody to the phosphorylated form of the target protein of Claim 1 , 

12. An antibody to the phosphorylated form of the peptide of Claim 5. 

1 13. The antibody of Claim 10, 11 or 12 which is a polyclonal antibody. 

1 14. The antibody of Claim 10, 11 or 12 which is a monoclonal antibody. 

1 15. An immortal cell line that produces a monoclonal antibody according to 

2 Claim 14. 

1 16. The antibody of Claim 10, 11 or 12 labeled with a detectable label. 

1 17, The antibody of Claim 10, 11 or 12 wherein the label is selected from 

2 enzymes, chemicals which fluoresce and radioactive elements. 

1 18. A DNA sequence which encodes eEF-2 kinase, or a fragment thereof, 

2 selected from the group consisting of: 

3 (A) the DNA sequences of Figure 5 (SEQ ID NO: 1); 

4 (B) the DNA sequences of Figure 5 (SEQ ID NO: 3); 

5 (C) the DNA sequences of Figure 5 (SEQ ID NO: 9); 

6 (D) DNA sequences that hybridize to any of the foregoing DNA 

7 sequences under standard hybridization conditions; 

8 (E) DNA sequences that code for expression of an amino acid sequence 

9 encoded by any of the foregoing DNA sequences. 
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10 (F) degenerate variants thereol"; 

1 1 (G) alleles thereof; and, 

12 (H) hybridizable fragments thereof. 

1 19. A recombinant DNA molecule comprising a DNA sequence which encodes 

2 eEF-2 kinase, or a fragment thereof, selected from the group consisting of: 

3 (A) the DNA sequences of Figure 5 (SEQ ID NO: 1); 

4 (B) the DNA sequences of Figure 5 (SEQ ID NO: 3); 

5 (C) the DNA sequences of Figure 5 (SEQ ID NO: 9); 

() (D) DNA sequences that hybridize to any of the foregoing DNA 

7 sequences under standard hybridization conditions; 

8 (E) DNA sequences that code for expression of an amino acid sequence 

9 encoded by any of the foregoing DNA sequences. 

10 (F) degenerate variants thereof; 

11 (G) alleles thereof; and, 

12 (H) hybridizable fragments thereof. 

1 20. The recombinant DNA molecule of either of Claims 18 or 19, wherein said 

2 DNA sequence is operatively linked to an expression control sequence. 

1 21. The recombmant DNA molecule of Claim 20, wherein said expression 



2 control sequence is selected from the group consisting of the early or late promoters 

3 of SV40 or adenovirus, the lac system, the trp system, the T/IC system, the TRC 

4 system, the major operator and promoter regions of phage X, the control regions of 

5 fd coat protein, the promoter for 3-phosphoglycerate kinase, the promoters of acid 

6 phosphatase and the promoters of the yeast a-mating factors. 

1 22. A prc^be capable of screening for eEF-2 kinase in alternate species prepared 

2 from the DNA sequence of Claim 18. 
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1 23. A probe capable of screening tor members of the protein kinase superfamily 

2 of Claim 1 prepared from ihe DNA sequence of Claim 18. 

1 24. A unicellular host transformed with a recombinant DNA molecule 

2 comprising a DNA sequence or degenerate variant thereof, which encodes a protein 

3 kinase, or a fragment thereof, selected from the group consisting of: 

4 (A) the DNA sequences of Figure 5 (SEQ ID NO: 1 ); 

5 (B) the DNA sequences of Figure 5 (SFQ ID NO: 3); 
() (C) the DNA sequences of Figure 5 (SFQ ID NO: 9); 

7 (D) DNA sequences that hybridize to any of the foregoing DNA 

8 sequences under standard hybridization conditions; and 

9 (E) DNA sequences that code on expression for an amino acid sequence 

10 encoded by any of the foregoing DNA sequences; 

1 1 wherein said DNA sequence is operatively linked to an expression control 

12 sequence. 

1 25. The unicellular host of Claim 24 wherein the unicellular host is selected from 

2 the group consisting of E. colL Pseudomonas , Bacillus. Streptomyces, yeasts, CHO, 

3 Rl.l, B-W, L-M, COS 1, COS 7, BSCl, BSC40. and BMTIO cells, plant cells, 

4 insect cells, and human cells in tissue culture. 

1 26. A method for detecting eEF-2 kinase and assessing eEF-2 kinase levels by: 



2 A. contacting a biological sample from a mammal in which the 

3 presence or activity of said eEF-2 kinase is suspected with a binding partner of said 

4 eEF-2 kinase under conditions that allow binding of said eEF-2 kinase to said 

5 binding partner to occur; and, 

6 B. detecting whether binding has occurred, and to what degree, 

7 between said eEF-2 kinase from said sample and the binding partner; 
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8 wherein the deteciioii of bindinij indicates that presence or activity of said 

0 eHF-2 kinase in said sample, and indicates a level ol said eEF-2 kinase in the 
10 sample. 



1 27. An assay system for screening drugs and other agents for ability to modulate 

2 eEF-2 kinase activity, comprising a predetermined amount of cEF-2 kinase mixed 

3 with varying amounts of drug or agent, along with target protein and ATP; wherein 

4 detection is via either a detectable label on the y-phosphate of ATP, or on an 

5 antibody directed against the phosphorylated target protein.. 

1 28. The assay system of Claim 27 wherein the label on the y-phosphate of ATP 

2 comprises one of the following: 

3 A. ^^P; 

4 B. "P 

5 C. ''S 

6 D. a biotinylated phosphate moiety; or, 

7 E. a fluorescent phosphate moiety. 

1 29. The assay system of Claim 27 wherein the label on the antibody comprises 

2 one of the following: 

3 A. an enzyme detectable with colonmetnc, fluorescent, or 

4 chemiluminescent substrates, such as alkaline phosphatase or horseradish 

5 peroxidase; 

6 B. a biotin moiety; 

7 C. a fluorescent moiety; or, 

8 D. a radioactive moiety chosen from the following group of 

9 isotopes: -^H, ^^C, ''F ''S, '''C\. -^'Cr, ^^Co, ^*^Co, ^^^Fe, ^'*^Y, ^-'^I, ''X and ^^'^Re. 

1 30. An assay system for screening drugs and other agents for ability to modulate 

2 eEF-2 kinase activity, comprising: 
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3 A. culiuring an observable cellular test colony inoculated with a 

4 drug or agent: 

5 B. harvesting a supernatant from said cellular test colony; and, 

6 C. examining said supernatant for the presence of said eEF-2 

7 kinase activity wherein an increase or a decrease in a level of said eEF-2 kinase 

8 activity indicates the ability of a drug to modulate the activity of said eEF-2 kinase. 

1 31. A test kit for assessing the level of eEF-2 kinase activity in a eukaryotic 

2 cellular sample, comprising: 

3 A. a predetermined amount of a detectably labelled specific binding 

4 partner of eEF-2 kinase. 

5 B, other reagents; and. 

6 C. directions for use of said kit. 

1 31. The test kit of Claim 31 wherein said labeled immunochemically reactive 

2 component is selected from the group consisting of polyclonal antibodies to eEF-2 

3 kinase, monoclonal antibodies to eEF-2 kinase, fragments thereof, and mixtures 

4 thereof. 

1 32. A method of preventing and/or treating cellular debilitations, derangements 

2 and/or dysfunctions and/or other disease states in mammals, comprising 

3 administering to a mammal a therapeutically effective amount of a material selected 

4 from the following group: 

5 A. peptides that inhibit cEF-2 kinase; 

6 B. antibodies against eEF-2 kinase; and, 

7 C. other drugs or agents that specifically inhibit eEF-2 kinase. 

1 33. A pharmaceutical composition for the treatment of cellular debilitation, 

2 derangement and/or dysfunction in mammals, comprising: 
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3 A. a ihcrapcLilically clTcclivc amount of a materia! selected from the 

4 group consisting of: peptides that inhibit eHr-2 kinase; antibodies against cE¥-2 

5 kinase; and, other drugs or agents that specifically inhibit eRF-2 kinase; and, 

6 B. a pharmaccutically acceptable carrier. 

1 34. A recombinant virus transformed with the DNA molecule, or a derivative or 

2 fragment thereof, in accordance with Claim 18. 

1 35. A recombinant virus transformed with the DNA molecule, or a derivative or 

2 fragment thereof, in accordance with Claim 19. 

1 36. The recombinant DNA molecule of Claim 20 comprising plasmid pGEX-3X, 

2 clone E3 or plasmid pGEX-3X, clone E4. 

1 37. An antisense nucleic acid against eEF-2 kinase mRNA comprising a nucleic 

2 acid sequence hybridizing to said niRNA. 

1 38. The antisense nucleic acid of Claim 37 which is RNA. 

1 39. The antisense nucleic acid of Claim 37 which is DNA. 

1 40, The antisense nucleic acid of Claim 37 which binds to the initiation codon of 

2 any of said mRNAs. 

1 41 . A recombinant DNA molecule having a DNA sequence which, on 

2 transcription, produces an antisense ribonucleic acid against eEF-2 kinase mRNA, 

3 said antisense ribonucleic acid comprising an nucleic acid sequence capable of 

4 hybridizing to said mRNA. 
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1 42. A eEF-2 kinasc-producing cell line iransfected with the recombinant DNA 

2 molecule of Claim 41 . 

1 43. A method for creating a cell line which exhibits reduced expression of eEF- 

2 kinase, comprising transfecting a eEF-2 kinase-producing cell line with a 

3 recombinant DNA molecule of claim 41 . 

1 44. A ribozymc that cleaves eEF-2 kinase mRNA. 

1 45. The ribozyme of Clann 44 which is a Tetrahyniena-iype ribozyme. 

1 46. The ribozyme of Claim 44 which is a Hammerhead-type ribozyme. 

1 47, A recombinant DNA molecule having a DNA sequence which, upon 

2 transcription, produces the ribozyme of claim 44. 

1 48. A eEF-2 kinase-producing cell line transfected with the recombinant DNA 

2 molecule of claim 47. 

1 49. A method for creating a cell line which exhibits reduced expression of eEF-2 

2 kinase, comprising transfecting a cEF-2 kinase-producing cell line with the 

3 recombinant DNA molecule of claim 44. 

1 50. An isolated nucleic acid encoding a protein kinase which is a member of a 

2 superfamily, said protein kinase being characterized by: A. greater than 40% 

3 sequence similarity with eEF-2 kinase from any organism; and,B.phosphorylates an 

4 amino acid withm an alpha helical domain of its target protein. 
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1 51. The isolated nueleic acid of claim 50, wherein the nucleic acid encodes eEF- 

2 2 kinase protein, heart protein kinase, melanoma protein protein, or ch4 protien 

3 kinase. 
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FIGURE 4 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

( :. ) APFLICAJvTT : Ryazanov, Alexey G. 

Halt , William N . 
Pavur, P'aren S. 

(ii) TITLE OF INVENTION: ELONGATION FACTOR- 2 KINASE (EF-2 KINASE) 



(xii) NUMBER OF SEQUENCES: 25 

(iv) CORRESPONDENCE ADDRESS: 

(A) AX;DRESSEE: David A. Jackson, Esq. 

(B) STREET: 411 Hackensack Ave, Continental Plaza, 4th 



(C) CITY: Hackensack 

(D) STATE: New Jersey 
{ E ) COUNTRY : USA 

(F) ZIP: 07601 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NTUyiE : Jackson Esq., David A, 

(B) REGISTRATION NUMBER: 26,742 

(C) REFERENCE /DOCKET NUMBER: 601-1-078 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 201-487-5800 

(B) TELEFAX: 201-343-1684 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2178 base pairs 

(B) TYPE: nucleic acid 

(C) STPJ^DEDNESS : double 

(D) TOPOLOGY: linear 



AND METHODS OF USE THEREFOR 



Floor 
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( i i ) MOLECULE TYPE : cDNA 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A.) ORGANISM: Homo sapiens 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

ATGGCAGACG AAGACCTCAT CTTCCGCCTG GAAGGTGTTG ATGGCGGCCA GTCCCCCCGA 6 0 

GCTGGCCATG ATGGTGATTC TGATGGGGAC AGCGACGATG AGGAAGGTTA CTTCATCTGC 12 0 

CCCATCACGG ATGACCCA/vG CTCGAACCAG AATGTCAATT CCAAGGTTAA TAAGTACTAC 180 

AGCAACCTAA CAAA/vAGTG7i GCGGTATAGC TCCAGCGGGT CCCCGGCAAA CTCCTTCCAC 24 0 

TTCAAGGAAG CCTGGAAGCA C^GCAATCCAG AAGGCCAAGC ACATGCCCGA CCCCTGGGCT 300 

GAGTTCCACC TGGA/iGATAT TGCCACCGAA CGTGCTACTC GACACAGGTA CAACGCCGTC 360 

ACCGGGGAAT GGCTGGATGA TGAAGTTCTG ATCAAGATGG CATCTCAGCC CTTCGGCCGA 42 0 

GGAGCAATGA GGGAGTGCTT CCGGACGAAG AAGCTCTCCA ACTTCTTGCA TGCCCAGCAG 48 0 

TGGAAGGGCG CCTCCAACTA CGTGGCGAAG CGCTACATCG AGCCCGTAGA CCGGGATGTG 54 0 

TACTTTGAGG ACGTGCGTCT ACAGATGGAG GCCAAG2TCT GGGGGGAGGA GTATAATCGG 6 00 

CACAAGCCCC CCAAGCAGGT GGACATCATG CAGATGTGCA TCATCGAGCT GAAGGACAGA 66 0 

CCGGGCAAGC CCCTCTTCCA CCTGGAGCAC TACATCGAGG GCAAGTACAT CAAGTACAAC 72 0 

TCCAACTCTG GCTTTGTCCG TGATGACAAC ATCCGACTGA CGCCGCAGGC CTTCAGCCAC 7 BO 

TTCACTTTTG AGCGTTCCGG CCATCAGCTG ATAGTGGTGG ACATCCAGGG AGTTGGGGAT 84 0 

CTCTACACTG ACCCACAGAT CCACACGGAG ACGGGCACTG ACTTTGGAGA CGGCAACCTA 90 0 

GGTGTCCGCG GGATGGCGCT CTTCTTCTAC TCTCATGCCT GCAACCGGAT TTGCGAGAGC 96 0 

ATGGGCCTTG CTCCCTTTGA CCTCTCGCCC CGGGAGAGGG ATGCAGTGAA TCAGAACACC 102 0 

AAGCTGCTGC AATCAGCCAA GACCATCTTG AGAGGAACAG AGGAAAAATG TGGGAGCCCC 108 0 

CGAGTAAGGA CCCTCTCTGG GAGCCGGCCA CCCCTGCTCC GTCCCCTTTC AGAGAACTCT 114 0 

GGAGACGAGA ACATGAGCGA CGTGACCTTC GACTCTCTCC CTTCTTCCCC ATCTTCGGCC 12 0 0 
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ACACCACACA GCCAGAAGCT AGACCACCTC CATTGGCCAG TGTTCAGTGA CCTCGATAAC 126 0 

ATGGCATCCA GAGACCATGA TC/.TCTAGAC AACCACGGGf^ AGTCTGAGAA TAGTGGGGAC 132 0 

AGCGGATACC 2GAGTGAGAA <:7':':GGGGTGAG CTGGATGACC CTGAGCCCCG AGAACATGGC 13 8 0 

CACTCATACA GTAATCGGAA GTACGAGTCT GACGA.AGACA GCCTGGGCAG CTCTGGACGG 144 0 

GTATGTGTAG AGAAGTGGAA TCTCCTCAAC TCCTCCCGCC TCCACCTGCC GAGGGCTTCG 150 0 

GCCGTGGCCC TGGAAGTGCA AAGGCTTAAT GCTCTGGACC TCGAAAAGAA AATCGGGAAG 156 0 

TCCATTTTGG GGAAGGTCCA TCTGGCCATG GTGCGCTAGC ACGAGGGTGG GCGCTTCTGC 16 2 0 

GAGAAGGGCG AGGAGTGGGA CCAGGAGTCG GCTGTCTTCC ACCTGGAGCA CGCAGCCAAC 16 8 0 

CTGGGCGAGC TGGAGGCCAT CGTGGGCCTG GGACTCATGT ACTCGCAGTT GCCTCATCAC 174 0 

ATCCTAGCCG ATGTCTCTCT GAAGGAGACA GAAGAGAACA AAACCAAAGG ATTTGATTAC 18 00 

TTACTAAAGG CCGCTGAAGC TGGCGACAGG CAGTCGATGA TCCTAGTGGC GCGAGCTTTT 186 0 

GACTCTGGCC AGAACCTCAG CCCGGACAGG TGCCAAGACT GGCTAGAGGC CCTGCACTGG 192 0 

TACAACACTG CCCTGGAGAT GACGGACTGT GATGAGGGCG GTGAGTACGA CGGAATGCAG 198 0 

GACGAGCCCC GGTACATGAT GTTTGGCCAGG GAGGCAGAGA TGCTGTTCAC AGGAGGCTAC 2 04 0 

GGGCTGGAGA AGGACCCGCA GAGATCAGGG GACTTGTATA CCCAGGCAGC AGAGGCAGCG 210 0 

ATGGAAGCCA TGAAGGGCCG ACTGGCCAAC CAGTACTACC AAAAGGCTGA AGAGGCCTGG 216 0 

GCCCAGATGG AGGAATAA 217 8 
(2) INFORMATION FOR SEQ ID NO : 2 : 

(l) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 725 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY . 1 incar 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 
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(xi) SEQUENCE DESCf: I PTION : SEQ ID NO : 2 : 

Met Ala Asp Glu A^ip Leu lie Phe Ate: Leu Glu Gly Val Asp Gly Gly 
15 10 15 

Gin Ser Pro Arg Ala Gly His Asp Gly Asp Sei Asp Gly Asp Ser Asp 
20 25 30 

Asp Glu Glu Gly Tyr Phe lie Cys Pro lie Thr Asp Asp Pro Ser Ser 
35 40 45 

Asn Gin Asn Val Asn Ser Lys Val Asn Lys Tyr Tyr Ser Asn Leu Thr 
50 55 60 

Lys Ser Glu Arg Tyr Ser Ser Ser Gly Ser Pro Ala Asn Ser Phe His 
65 70 75 80 

Phe Lys Glu Ala Trp Lys His Ala lie Gin Lys Ala Lys His Met Pro 
85 90 95 

Asp Pro Trpi Ala Glu Phe His Leu Glu Asp lie Ala Thr Glu Arg Ala 
100 ICS 110 

Thr Arg His Arg Tyr Asn Ala Val Thr Gly Glu Trp Leu Asp Asp Glu 
115 120 125 

Val Leu lie Lys Met Ala Ser Gin Pro Phe Gly Arg Gly Ala Met Arg 
130 135 140 

Glu Cys Phe Arg Thr Lys Lys Leu Ser Asn Phe Leu His Ala Gin Gin 
145 150 155 160 

Trp Lys Gly Ala Ser Asn Tyr Val Ala Lys Arg Tyr lie Glu Pro Val 
165 170 175 

Asp Arg Asp Val Tyr Phe Glu Asp Val Arg Leu Gin Met Glu Ala Lys 

180 185 "190 

Leu Trp Gly Glu Glu Tyr Asn Arg His Lys Pro Pro Lys Gin Val Asp 
195 200 205 

lie Met Gin Met Cys lie lie Glu Leu Lys Asp Arg Pro Gly Lys Pro 
210 215 220 

Leu Phe His Leu Glu His Tyr lie Glu Gly Lys Tyr He Lys Tyr Asn 
225 230 235 240 

Ser Asn Ser Gly Phe Val Arg Asp Asp Asn He Arg Leu Thr Pro Gin 
245 250 255 

Ala Phe Ser His Pi:e Thr Piie Glu Ai u Ser Glv His Gin Leu He Val 
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26 0 265 270 

Val Asp lie Gin Gly Val Gly Asp Leu Tyr Thr Asp Pro Gin lie His 
275 280 285 

Thr Glu Thr Gly Thr Asp Phe Gly Asp Gly Asn Leu Gly Val Arg Gly 
290 295 300 

Met Ala Leu Phe Phe Tyr Ser His Ala Cys Asn Arg lie Cys Glu Ser 
305 310 315 320 

Met Gly Leu Ala Pro Phe Asp Leu Ser Pro Arg Glu Arg Asp Ala Val 
325 330 335 

Asn Gin Asn Thr Lys Leu Leu Gin Ser Ala L\'s Thr lie Leu Arg Gly 
340 345 350 

Thr Glu Glu Lys Cys Gly Ser Pro Arg Val Arg Thr Leu Ser Gly Ser 
355 360 365 

hrg Pro Pro Leu Leu Arg Pro Leu Ser Glu 7^sn Ser Gly Asp Glu Asn 
370 375 380 

Met Ser Asp Val Thr Phe Asp Ser Leu Pro Ser Ser Pro Ser Ser Ala 
385 390 395 400 

Thr Pro His Ser Gin Lys Leu Asp His Leu His Trp Pro Val Phe Ser 
405 410 415 

Asp Leu Asp Asn Met Ala Ser Arg Asp His Asp His Leu Asp Asn His 
420 425 430 

Arg Glu Ser Glu Asn Ser Gly Asp Ser Gly Tyr Pro Ser Glu Lys Arg 
435 440 445 

Gly Glu Leu Asp Asp Pro Glu Pro Arg Glu His Gly His Ser Tyr Ser 
450 455 460 

Asn Arg Lys Tyr Glu Ser Asp Glu Asp Ser Leu Gly Ser Ser Gly Arg 
465 470 475 480 

Val Cys Val Glu Lys Trp Asn Leu Leu Asn Ser Ser Arg Leu His Leu 
4B5 490 495 

Pro Arg Ala Ser Ala Val Ala Leu Glu Val Gin Arg Leu Asn Ala Leu 
500 505 510 

Asp Leu Glu Lys Lys lie Gly Lys Ser lie Leu Gly Lys Val His Leu 
515 520 525 

Ala Met Val Arg Tyr His Glu Gly Gly Arg Phe Cys Glu Lys Gly Glu 
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530 535 540 

Glu Trp Asp Gin Glu Ser Ala Val Phe His Leu Glu His Ala Ala Asn 
545 550 555 560 

Leu Gly Glu Leu Glu Ala lie Val Gly Leu Gly Leu Met Tyr Ser Gin 
565 570 575 

Leu Pro His His lie Leu Ala Asp Val Ser Leu Lys Glu Thr Glu Glu 
580 585 590 

Asn Lys Thr Lys Gly Phe Asp Tyr Leu Leu Lys Ala Ala Glu Ala Gly 
595 600 605 

Asp Arg Gin Ser Met lie Leu Val Ala Arg Ala Phe Asp Ser Gly Gin 
610 615 620 

Asn Leu Ser Pro Asp Arg Cys Gin Asp Trp Leu Glu Ala Leu His Trp 
625 630 63 5 640 

Tyr Asn 7'hr Ala Leu Glu Met Thr Ac-p Cys Asp Glu Gly Gly Glu Tyr 
645 650 655 

Asp Gly Met Gin Asp Glu Pro Arg Tyr Met Met Leu Ala Arg Glu Ala 
660 665 670 

Glu Met Leu Phe Thr Gly Gly Tyr Gly Leu Glu Lys Asp Pro Gin Arg 
675 680 685 

Ser Gly Asp Leu T^^^r Thr Gin Ala Ala Glu Ala Ala Met Glu Ala Met 
690 695 700 

Lys Gly Arg Leu Ala Asn Gin Tyr Tyr Gin Lys Ala Glu Glu Ala Trp 
705 710 715 720 

Ala Gin Met Glu Glu 
72 5 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2175 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY, linear 

(ii) MOLECULE TYPE. cDNA 
(iii) HYPOTHETICAL: NO 
( VI } ORIGINAL SOLTRCE : 
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(XI ) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

ATGGCAGACG AAGACCTCAT CTTCTGCCTG GAAGGTGTTG ACGGTGGCAG GTGCTCCCGA 6 0 

GCTGGCCACA ATGCGGACTC TGACACAGAC AGTGACGATG ATGAGGGCTA TTTCATCTGC 12 0 

CCCATCACTG ATGACCACAT GTCCAATCAG AATGTCAGCT CCAAAGTCCA GAGCTACTAT 18 0 

AGCAACCTAA CAAAAACAGA GTGCGGCTCC ACAGGGTCAC CAGCCAGCTC CTTCCACTTC 24 0 

AAGGAAGCCT GGAAGCATGC GATCGAGAAA GCCAAGCACA TGCCTii^ACCC CTGGGCTGAA 300 

TTCCATCTCG AGGACATCGC CACAGAACAT GCTACTCGGC ACAGGTACAA CGCTGTCACC 36 0 

GGGGAATGGC TGAAAGACGA GGTTCTGATC AAGATGGCGT CTCAGCCCTT CGGCCGTGGA 42 0 

GCAATGAGGG AGTGCTTCAG GACGAAGAAA CTCTCCAACT TCTTGCACGC CCAGCAATGG 48 0 

AAGGGGGCCT CCAACTACGT GGCCAAGCGC TACATCGAGC CGGTGGACAG GAGCGTGTAC 54 0 

TTTGAGGATG TGCAGCTCCA GATGGAGGCG AAGCTCTGGG GGGAGGATTA CAATCGGCAC 600 

AAGCCCCCCA AGCAGGTGG/^ TATCATGCAG ATGTGCATCA TTGAGCTAAA GGACAGACCA 66 0 

GGCCAGCCCC TCTTCCACTT GGAGCACTAC ATTGAGGGCA AGTACATCAA GTACAATTCC 72 C 

AACTCAGGCT TTGTCCGTGA TGACAACATC CGACTAACCC CACAGGCCTT CAGCCATTTC 78 0 

ACATTTGAGC GTTCTGGTCA TCAGCTGATT GTAGTGGACA TCCAGGGTGT GGGTGACCTT 84 0 

TATACCGACC CACAGATCCA CACTGAGAAA GGCACTGACT TTGGAGATGG TAACCTTGGT 90 0 

GTCCGGGGAA TGGCTCTCTT CTTCTACTCT CATGCCTGCA ACCGGATTTG TCAGAGCATG 96 0 

GGCCTTACGC CCTTTGACCT CTCCCCACGG GAACAGGATG CGGTGAATCA GAGCACCAGG 102 C> 

CTATTGCAAT CAGCCAAGAC CATCTTGAGG GGGACAGAGG AGAAGTGTGG GAGTCCCCGC 108(1 

ATAAGGACAC TCTCTAGCAG CCGGCCCCCT TTGCTCCTTC GCCTGTCAGA GAACTCCGGG 114 0 

GATGAGAACA TGAGTGACGT GACCTTTGAC TCTCTGCCTT CCTCCCCGTC TTCAGCTACA 12 0 0 

CCACACAGCC AGAAACTGGA CCACCTCCAT TGGCCAGTGT TTGGTGACCT CGATAACATG 126 0 

GGCCCTAGAG ACCATGACCG T/iTGGACAAT CACCGGGACT CTGAGAATAG TGGGGACAGT 13 2 0 

GGGTATCCAA GCGAGAAGCG AAGTGACCTG GATGATCCTG AGCCCCGAGA ACACGGCCAC 13 8 0 
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TCCAACGGCA ACCGAAGGCA TGAATCTGAC GAGGATAGCC TGGGCAGCTC TGGACGGGTC 14 4 0 

TGTCrrGGAGA CGTGGAACCT <'J-rTCAATCCC TCC^CGGCTGC ACCTCJCCGAG GCCCTCGGCC 15t)0 

GTGGCCCTAG A.AGTGCAGAG GCTAAATGCC CTGGACCTTG GAAGGAA7VAT CGGGAAGTCT 156 0 

GTTTTGGGGA A.AGTCCATTT GGCCATGGTG CGATACCACG AGGGCGGGCG CTTCTGCGAG 162 0 

AAGGATGAGG AGTGGGATCG AGAGTCAGCC ATCTTCCATC TGGAGCATGC AGCTGACCTG 16 80 

GGAGAACTGG AGGCCATCGT GGGCCTAGGC CTCAT'^TACT CTCAGCTGCC CCACCACATC 174 0 

CTGGCTGATG TCTCTCTGAA GGAGACAGAG GAGAACAAGA CAAAAGGCTT TGATTACTTA 18 0 0 

CTGAAGGCGI3 CAGAAGCTGG TGACAGGCAT TCCATGATTT TAGTGGCCCG AGCTTTTGAC 186 0 

ACTGGCCTGA ACCTCAGCCC AGACAGGTGT CAAGACTGGT CGGAAGCCTT GCACTGGTAC 192 0 

AACACAGCCC TGGAGACAAC AGACTGCGAT GAAGGCGGGG AGTACGATGG GATACAGGAC 198 0 

GAGCCCCAGT ACGCACTGCT GGCCAGGGAG GCGGAGATGC TGCTCACCGG GGGATTTGGA 2 04 0 

CTGGACAAGA ACCCCCAAAG ATCAGGAGAT TTGTACACCC AGGCAGCTGA GGCAGCAATG 210 0 

GAAGCCATGA AGGGCCGGCT AGCCAACCAG TACTACGAGA AGGCGGAAGA GGCCTGGGCC 216 0 

CAGATGGAGG AATAA 2175 
(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 724 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Mus musculus 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met Ala Asp Glu Asp Leu lie Phe Cys Leu Glu Gly Val Asp Gly Gly 

15 10 15 

Arg Cy£3 Sei Ary Ala Gly His Asn Ala Asp Ser Asp Thi Asp Ser Asp 
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20 2b 30 

Asp Asp Glu Gly Tyr Phe lie Cys Pro He Thr Asp Asp His Met Ser 
3 5 4 0 4 5- 

Asn Gin Asn Val Ser Ser Lys Val Gin Ser Tyr Tyr Ser Asn Leu Thr 
50 55 60 

Lys Thr Glu C;^'S Gly Ser Thr Gly Ser Pro Ala Ser Ser Phe His Phe 
65 70 75 80 

Lys Glu Ala Trp Lys His Ala He Glu Lys Ala Lys His Met Pro Asp 
85 90 95 

Pro Trp Ala Glu Phe His Leu Glu Asp He Ala Thr Glu His Ala Thr 
100 105 110 

Arg His Arg Tyr Asn Ala Val Thr Gly Glu Trp Leu Lys Asp Glu Val 
115 120 125 

Leu He Lys Met Ala Ser Gin Pro Phe Gly Arg Gly Ala Met Arg Glu 
130 135 140 

Cys Phe Arg Thr Lys Lys Leu Ser Asn Phe Leu His Ala Gin Gin Trp 
145 150 155 160 

Lys Gly Ala Ser Asn Tyr Val Ala Lys Arg Tyr He Glu Pro Val Asp 
165 170 175 

Arg Ser Val Tyr Phe Glu Asp Val Gin Leu Gin Met Glu Ala Lys Leu 
180 185 190 

Trp Gly Glu Asp Tyr Asn Arg His Lys Pro Pro Lys Gin Val Asp He 
195 200 205 

Met Gin Met Cys He He Glu Leu Lys Asp Arg Pro Gly Gin Pro Leu 
210 215 220 

Phe His Leu Glu His Tyr He Glu Gly Lys Tyr He Lys Tyr Asn Ser 
225 230 235 240 

Asn Ser Gly Phe Val Arg Asp Asp Asn He Arg Leu Thr Pro Gin Ala 
245 250 255 

Phe Ser His Phe Thr Phe Glu Arg Ser Gly His Gin Leu He Val Val 
260 265 270 

Asp He Gin Gly Val Gly Asp Leu Tyr Thr Asp Pro Gin He His Thr 
275 280 285 

Glu Lys Gly Thr Asp Phe Gly Asp Gly Asn Leu Gly Val Arg Gly Met 
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290 295 3 00 

Ala l.eu Phe Phe Tyr Ser Hit} Ala Cyti Asn Arg lie Cys Gin Ser Met 
305 310 315 320 

Gly Leu Thr Pro Phe Asp Leu Ser Pro Arg Glu Gin Asp Ala Val Asn 
325 330 335 

Gin Ser Thr Arg Leu Leu Gin Ser Ala Lys Thr lie Leu Arg Gly Thr 
340 345 350 

Glu Glu Lys Cys Gly Ser Pro Arg lie Arg Thr Leu Ser Ser Ser Arg 
355 360 365 

Pro Pro Leu Leu Leu Arg Leu Ser Glu Asn Ser Gly Asp Glu Asn Met 
370 375 380 

Ser Asp Val Thr Phe Asp Ser Leu Pro Ser Ser Pro Ser Ser Ala Thr 

385 390 395 400 

I^ro His Ser Gin Lyji Leu Afjp His Leu His Trp Pro Val Phe Gly Asp 
40 5 4 2.0 415 

Leu Asp Asn Met Gly Pro Arg Asp His Asp Arg Met Asp Asn His Arg 
420 425 430 

Asp Ser Glu Asn Ser Gly Asp Ser Gly Tyr Pro Ser Glu Lys Arg Ser 
435 440 445 

Asp Leu Asp Asp Pro Glu Pro Arg Glu His Gly His Ser Asn Gly Asn 
450 455 460 

Arg Arg His Glu Ser Asp Glu Asp Ser Leu Gly Ser Ser Gly Arg Val 
465 470 475 480 

Cys Val Glu Thr Trp Asn Leu Leu Asn Pro Ser Arg Leu His Leu Pro 
485 490 495 

Arg Pro Ser Ala Val Ala Leu Glu Val Gin Arg Leu Asn Ala Leu Asp 
500 505 510 

Leu Gly Arg Lys lie Gly Lys Ser Val Leu Gly Lys Val His Leu Ala 
515 520 525 

Met Val Arg Tyr His Glu Gly Gly Arg Phe Cys Glu Lys Asp Glu Glu 
530 535 540 

Trp Asp Arg Glu Ser Ala lie Phe His Leu Glu His Ala Ala Asp Leu 
545 550 555 560 

Gly Glu Leu Glu Ala lie Val Gly Leu Gly Leu Met Tj,'r Ser Gin Leu 
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565 57C 575 

E'rc His His lie l^eu Ala Asp Val Se.r Leu Lys Glu Thr Glu Glu Asn 
580 5S5 590 

Lys Thr Lys Gly Fhe Asp Tyr Leu Leu Lys Ala Ala Glu Ala Gly Asp 
595 600 605 

Arg His Ser Met lie Leu Val Ala Arg Ala Phe Asp Thr Gly Leu Asn 
610 615 620 

Leu Ser Pro Asp Arg Cys Gin Asp Trp Ser Glu Ala Leu His Trp Tyr 
625 630 635 640 

Asn Thr Ala Leu Glu Thr Thr Asp Cys Asp Glu Gly Gly Glu Tyr Asp 
645 650 655 

Gly lie Gin Asp Glu Pro Gin Tyr Ala Leu Leu Ala Arg Glu Ala Glu 
660 665 670 

Met Leu Leu Thr Gly Gly Phe Gly Leu Asp Lys Asn Pro Gin Arg Ser 
675 680 685 

Gly Asp Leu Tyr Thr Gin Ala Ala Glu Ala Ala Met Glu Ala Met Lys 
690 695 700 

Gly Arg Leu Ala Asn Gin Tyr Tyr Glu Lys Ala Glu Glu Ala Trp Ala 
705 710 715 720 

Gin Met Glu Glu 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 346 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE : r-DNA 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Die tyos tel ium discoideum 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 



BNSDOCID <WO 99091 99A2 I > 



wo 99/09199 




PCT/US98/17272 



ATGTTTAATA TA/^AAAAGAG AAA/vGAGAGT ATAACAGGTA TACCACCAAT AAATGTTAAT 6 0 

AGTCCACAAT CAGTTCCATT (iA^ JTGGA7\CA TTGG/VaTCAC CATTGATTAC ACCAAATTCA 12 0 

CCAAATTTTG TTTCACGTCA ATGTCCATTC AAAAAGTTTG GATGTAGTAG TTTTTTAGTT 180 

TCAAAGGCAG AGTTTGATAA TCACTTAAAG GATGACGCAC AATTTCATTT ACAATTGGCA 24 0 

GTGGAGAAAT TTGATCATCA ATTTGATTTA CACACACAAT TGATGGCACA TTTTACTGAG 3 00 

CAA/iTGGAGG ATCAATTAGA GAAAACAATG /lAGGTCGTAC GTAATCATAC AGATAGTTTA 36 0 

GGCGGTAATG TTCAAACCAA ATTGGATGAA GGCATTGAAA AATGTATGGC TTTTGCTAAA 42 0 

AAGGTTGAAC AACAACAACA AC.AATTGGCC AAAAGATTAA TCAGTCAACA AATTCAAGAG 480 

AAGAAATCAA CCTCTTCACC TTTAGTTAAA GGTGGTATTA GTGGTGGTGG TGGTAGTGGT 54 0 

GGCGATGATT CTTTTGATGG CGCAAATATA TCATCAATGT CJAACTAGTAA ACAAGAATTA 6 00 

CAAC/iAGAAT TACAATCATT ATCAATTAAA ATGAAAAAAG AATTGACAGA ATTATCCGAT 66 0 

GAACTATCAC AAAAATTAGA ACGTTCAACA GGTAATATAG ATATTAAAAT AAAGAGAATC 72 0 

GAAGGTGAAG TTAATGAAAA GATTGATAAA CGTCAATTGG TCTCTACGAT CGATGATTCA 78 0 

ATTGGAAAGA AAACAGATTC CATCGGTTAT ACATTGGAGA GTTCAATCAT TAAAAAGGTT 84 0 

GAAGAGAAAG AGAAAAAGAA ATCCGAACAA AATCAACTTC TCTTTGATTC AAAGATTGAA 900 

TCCTTAAAAG ATAAGATTAA AATCATTGAA ACTCAACAAT TGGATACTTC ATCAGAGGTT 96 0 

AGAAAATTGA AATTAGAAAG TACAAGTAGT GGAAATTTAA TGGCAGGTCT TAATGGTACC 102 0 

TCTGGTAGAC CTTCATCATC TTCTCACTTT ATTCCATCCT CTGTTTCTGC CGCTGCTAAC 108 0 

AATATCAACA AGAATGAAAT CATGGAAGAG GTT7V7JV7VAGG TAGAJ\GAG.AA ACTTCAAAAG 114 0 

AAAATTCGTG AAGAGATTGA TAATACAAAA GCTGAACTCT CAAAGGTTGA ACGTTCCGTT 12 0 0 

AAAGATAATC GTAGTGAAAT TGAAGGTTTG GAAAAAGATT GTAAGAATCA ATTCGATAAA 12 6 0 

CAAGACAATA AGATCAAACA AGTTGAGGAT GATTTGAAAA AGAGTGATTC ATTACTTTTG 13 2 0 

TTAATGC7VAA ATAACCTCAA GAAATATAAT GAATTTGTTG ATAGAGAACG TGATCGTGAA 13 8 0 

AGTGAACGTT TGAAACTTCA AGATTCTATC AAACGTTTAG AACAAAATCA AAAGAAAATC 14 4 0 

GAAGCTGAAA TTCAAGAAGG TAATGAACAA GTTGAACGTG TTTTACGTGA GGAAGCTTCA 15 00 

ATCTCACCAA TTAGTTCAGT TCCAAAATCA JCAATCACAA CCAAACGTTC ATCGATTATT IDGO 
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TTAAATTCAC CACCAATGAC TTCACAACAA TCATCACCAA AGATTCAAGA TCTTCTCTCA 162 0 

AGTAGTGGTA GTAGTAGTGT TAGTGGTATA AATATTTGGT CTGAAACCGG TGAAATGGGT 16 80 

ATTCTTTGGG AATTTGATCC AATCATTAAC AAATGGATTA GATTATCAAT GAAGCTAAAG 174 0 

GTAG/iAAGAA AACCATTTGC 7.GAGGGTGCT CTTAGAGAGG CTTATCATAC CGTTTCATTG 18 CO 

GGTGTTGGAA CCGATGAAAA TTATCCATTA GGTACAJVCCA CCAAATTATT CCCACCAATT 186 0 

GAAATGATTT CACCAATTTC AAAGAATAAT GAGGCAATGA CTCAATTGAA GAATGGTACA 1910 

AAATTTGTTT TGAAACTCTA CAAAAAGGAA GCTG.AACAAC AAGCTAGCAG AGAATTATAC 19&0 

TTTGAAGATG TTAAAATGCA AATGGTCTGT AGAGATTGGG GTA/iTAAATT CAATCAAAAG 2 04 0 

AAJ^lCCACCAA AGAAAATTGA JiTTCCTTATG TCTTGGGTTG TAGAGTTAAT CGATAGATCT 2100 

CCTTCTTCCA ATGGTCAACC /lATACTTTGT TCCATTG7\AC CATTATTGGT TGGTGAATTC 216 0 

AAAAAGAATA ATTCAAATTA TGGTGCAGTT TTAACCAATC GTTCAACTCC ACAAGCATTC 222 0 

TCTCATTTCA CCTATGAACT CTCAAATAAA CAAATGATCG TTGTCGATAT TCAAGGTGTT 22 8 0 

GATGATCTTT ACACTGATCC TCAAATTCAT ACACCCGATG GTAAAGGATT TGGTCTTGGT 2 34 0 

AATCTTGGTA AAGCAGGTAT CTVATAAATTC ATCACCACTC ACAAATGTAA TGCTGTTTGT 24 0 0 

GCTCTTTTAG ATTTAGATGT TAAATTGGGT GGTGTACTAT CTGGAAATAA TAAGAAACAA 24 6 0 

CTTCAACAAG GTACTATGGT TATGCCAGAT ATTCTCCCAG AACTTATGCC ATCTGATAAC 2 52 0 

ACCATTAAAG TGGGTGCAAA ACAACTTCCA AAAGCTGAAT TCTCAAAGAA AGATCTCAAA 2 5 80 

TGTGTTAGCA CCATTCAAAG TTTCCGTGAA CGTGTTAACT CGATCGCATT CTTTGATAAT 2 640 

CAAAAGTTAT TATGCGCTGG TTATGGTGAT GGTACCTATA GAGTTTTCGA TGTCAATGAC 27 00 

AATTGGAAAT GTTTATACAC TGTCAATGGT CATAGAAAAT CAATTGAAAG TATCGCTTGT 276 0 

AATAGTAATT ACATTTTCAC TTCATCACCT GATAACACCA TCAAAGTTCA TATCATTCGT 2820 

AGTGGTAACA CCAAATGTAT AGAGACATTG GTTGGTCACA CTGGTGAAGT TAATTGTGTC 2 88 0 

GTGGCCAATG AAAAATATCT TTTCAGTTGT AGTTATGATA AAACTATCAA GGTTTGGGAT 2 94 0 

TTGTCAACCT TTAAAGAAAT TAAATCATTT GAGGGTGTTC ATACAAAGTA CATTAAAACA 3 000 

TTGGCTTTGA GTGGACGTTA TCTTTTTAGT GGTGGTAACG ATCAAATCAT TTACGTTTGG 3 06 0 

GATACTGTUVA CACTTAGTAT GCTTTTCAAT ATGCAAGGTC ATGAAGATTG GGTACTCTCT 312 0 
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CTT'rATTGTA CCGCTAGTTA TCTTTTCTCA ACCTCAAAAG ATAATGTCAT CAAGATTTGG 318 0 

GATCTCTC/-v/^ ATTTiTAGTTG TATCGAT/^CT CT7iAA/^<:;GT-'J AT'J'GGAATTC TGTCTCAAGT 3 24 0 

TGTGTCGTAA AAGATCGTTA TCJTATACAGT GGTTCTGAAG ATAATTCAAT CAAAGTTTGG 3 300 

GATCTCGATA CACTTGAATG TGTTTACACC ATTCCAAAAT CTCATTCTTT GGGTGTAAAA 3 36 0 

TGTTTAATGG TTTTCAATAA TCAAATCATT TCTGCTGCTT TCG7iTGGTTC AATTAAAGTT 3 42 0 

TGGGAATGGC AATCGAAATA ATCTTTGTAA ATTTTTGTTA AAAAA 3 46 5 
(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1146 ammo acids 

(B) TYPE: amino acid 

(C) STR7vNDEDNESS : Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGAl^JISM: Di c tyos t e 1 ium discoideum 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

Met Phe Acn lie Lys Lys Arg Lys Glu Ser lie Thr Gly lie Pro Pro 
1 5 10 15 

lie Asn Val Asn Ser Pro Gin Ser Val Pro Leu Ser Gly Thr Leu Gin 
2 0 2 5 3 0 



Ser Pro Leu lie Thr Pro Asn Ser Pro Asn Phe Val Ser Arg Gin Cys 

35 40 45 

Pro Phe Lys Lys Phe Gly Cys Ser Ser Phe Leu Val Ser Lys Ala Glu 

50 55 60 

Phe Asp Asn His Leu Lys Asp Asp A.l a Gin Phe His Leu Gin Leu Ala 
65 70 75 80 

Val Glu Lys Phe Asp His Gin Phe Asp Leu His Thr Gin Leu Met Ala 
85 90 95 

His Phe Thr Giu Gin Met Glu Asp Gin Leu Glu Lys Thr Met Lys Val 
100 105 110 
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Val Arg Asn His Thr Asp Ser Leu Gly Gly Asp. Val Gin Thr Lys Leu 
115 120 125 

Asp Glu Gly lie G]u Lys Cys Met Ala Phe Ala Lys Lys Val Glu Gin 
130 135 140 

Gin Gin Gin Gin Leu Ala Lys Arg Leu lie Thr Gin Gin lie Gin Glu 
145 150 155 160 

Lys Lys Ser Thr Ser Ser Pro Leu Val Lys Gly Gly lie Ser Gly Gly 
leS 170 175 

Gly Gly Ser Gly G] y Asp Asp Ser Phe Asp Gly Ala Asn lie Ser Ser 
180 185 190 

Met Ser Thr Ser Lys Gin Glu Leu Gin Gin Glu Leu Gin Ser Leu Ser 
195 200 205 

lie Lys Met Lys L>'s Glu Leu Thr Glu Leu Ser Asp Glu Leu Ser Gin 
210 215 220 

Lys Leu Glu Arg Ser Thr Gly Asn lie Asp lie Lys lie Lys Arg lie 
225 230 235 240 

Glu Gly Glu Val Asn Glu Lys lie Asp Lys Arg Gin Leu Val Ser Thr 
245 250 255 

lie Asp Asp Ser lie Gly Lys Lys Thr Asp Ser lie Gly Tyr Thr Leu 
260 265 270 

Glu Ser Ser lie lie Lys Lys Val Glu Glu Lys Glu Lys Lys Lys Ser 

275 280 285 

Glu Gin Asn Gin Leu Leu Phe Asp Ser Lys lie Glu Ser Leu Lys Asp 
290 295 300 

Lys lie Lys lie lie Glu Thr Gin Gin Leu Asp Thr Ser Ser Glu Val 
305 310 315 320 

Arg Lys Leu Lys Leu Glu Ser Thr Ser Ser Gly Asn Leu Met Ala Gly 
3:J5 330 335 

Leu Asn Gly Thr Ser Gly Arg Pro Ser Ser Ser Ser His Phe lie Pro 
340 345 350 

Ser Ser Val Ser Ala Ala Ala Asn Asn lie Asn Lys Asn Glu lie Met 
355 360 365 

Glu Glu Val Lys Lys Val Glu Glu Lys Leu Gin Lys Lys lie Arg Glu 
370 375 380 
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Glu lie Asp Asn Thr Lys Ala Glu Leu Ser Lye Val Glu Arg Ser Val 

385 390 395 400 

'[,ys^ Asp Asn Arg Ser Glu lie Glu Gly Leu Glu Lys Asp Cys Lys Asn 
405 410 415 

Gin Phe Asp Lys Gin Asp Asn Lys lie Lys Gin Val Glu Asp Asp Leu 
420 4 25 430 

L^^s Lys Ser Asp Ser Leu Leu Leu Leu Met Gin Asn Asn Leu Lys Lys 
435 440 445 

Tyr Asn Glu Phe Val Asp Arg Glu Arg Asp Arg Glu Ser Glu Arg Leu 
450 455 460 

Lys Leu Gin Asp Ser lie Lys Arg Leu Glu Gin Asn Gin Lys Lys lie 
465 470 475 480 

Glu Ala Glu lie Gin Glu Gly Asn Glu Gin Val Glu Arg Val Leu Arg 
485 490 495 

Glu Glu Ala Ser lie Ser Pro lie Ser Ser Val Pro Lys Ser Pro lie 
500 505 510 

Thr Thr Lys Arg Ser Ser lie lie Leu Asn Ser Pro Pro Met Thr Ser 
515 520 525 

Gin Gin Ser Ser Pro Lys lie Gin Asp Leu Leu Ser Ser Ser Gly Ser 
530 535 540 

Ser Ser Val Ser Gly lie Asn lie Ser Ser Glu Thr Gly Glu Met Gly 
545 550 555 560 

lie Leu Trp Glu Phe Asp Pro lie lie Asn Lys Trp lie Arg Leu Ser 
565 570 575 

Met Lys Leu Lys Val Glu Arg Lys Pro Phe Ala Glu Gly A.la Leu Arg 
580 585 590 

Glu Ala Tyr His Thr Val Ser Leu Gly Val Gly Thr Asp Glu Asn Tyr 
595 600 605 

Pro Leu Gly Thr Thr Thr Lys Leu Phe Pro Pro lie Glu Met lie Ser 
610 615 620 

Pro lie Ser Lys Asn Asn Glu Ala Met Thr Gin Leu Lys Asn Gly Thr 
625 630 635 640 

Lys Phe Val Leu Lys Leu Tyr Lys Lys Glu Ala Glu Gin Gin Ala Ser 

64b 650 655 
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Arg Glu Leu Tyr Phe Glu Asp Val L.\'s Met G^n Met Val Cys Arg Asp 
660 665 670 

Trp Gly Asn Lys Phe Asn Gin L\'s L\'s Pre Pre L.ys Lys lie Glu Phe 
675 680 685 

Leu Met Ser Trp Val Val Glu Leu lie Asp Arg Ser Pro Ser Ser Asn 
690 695 700 

Gly Gin Pro lie Leu Cys Ser lie Glu Pro Leu Leu Val Gly Glu Phe 
705 710 71S 720 

Lys Lys Asn Asn Ser Asn Tyr Gly Ala Val Leu Thr Asn Arg Ser Thr 
725 730 735 

Pro Gin Ala Phe Ser His Phe Thr Tyr Glu Leu Ser Asn Lys Gin Met 
740 745 750 

lie Val Val Asp lie Gin Gly Val Asp Asp Leu Tyr Thr Asp Pro Gin 
755 760 765 

lie His Thr Pro Asp Gly Lys Gly Phe Gly Leu Gly Asn Leu Gly Lys 
770 775 780 

Ala Gly lie Asn Lys Phe lie Thr Thr His Lys Cys Asn Ala Val Cys 
785 790 795 800 

Ala Leu Leu Asp Leu Asp Val Lys Leu Gly Gly Val Leu Ser Gly Asn 
805 810 815 

Asn Lys Lys Gin Leu Gin Gin Gly Thr Met Val Met Pro Asp lie Leu 
820 825 830 

Pro Glu Leu Met Pro Ser Asp Asn Thr lie Lys Val Gly Ala Lys Gin 
835 840 845 

Leu Pro Lys Ala Glu Phe Ser Lys Lys Asp Leu Lys Cys Val Ser Thr 
850 855 860 

lie Gin Ser Phe Arq Glu Arg Val Asn Ser lie Ala Phe Phe Asp Asn 
865 870 87S 880 

Gin Lys Leu Leu Cys Ala Gly Tyr Gly Asp Gly Thr Tyr Arg Val Phe 
885 890 895 

Asp Val Asn Asp Asn Trp Lys Cys Leu Tyr Thr Val Asn Gly His Arg 
900 905 910 

Lys Ser Tie Glu Ser He Ala Cys Asn Ser Asn Tyr He Phe Thr Ser 
915 920 925 
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Ser Pro Asp Asn Thr He Lys Val Hir: He lie Aig Ser Gly Asn Thr 
9 3 0 93 5 94 0 

Lys Cys He Glu Thr Leu Val Gly Hi?. Thr Gly Glu Val Asn Cys Val 
945 950 955 960 

Val Ala Asn Glu Lys Tyr Leu Phe Ser Cys Ser Tyr Asp Lys Thr He 
965 970 975 

Lys Val Trp Asp Leu Ser Thr Phe Lys Glu He Lys Ser Phe Glu Gly 
980 985 990 

Val His Thr Lys Tyr He Lys Thr Leu Ala Leu Ser Gly Arg Tyr Leu 
99 5 1000 1005 

Phe Ser Gly Gly Asn Asp Gin He He Tyr Val Trp Asp Thr Glu Thr 
1010 1015 1020 

Leu Ser Met Leu Phe Asn Met Gin Gly His Glu Asp Trp Val Leu Ser 
1025 1030 1035 1040 

Leu His Cys Thr Ala Ser Tyr Leu Phe Ser Thi Ser Lys Asp Asn Val 
1045 1050 loss 

He Lys He Trp Asp Leu Ser Asn Phe Ser Cys He Asp Thr Leu Lys 
1060 1065 1070 

Gly His Trp Asn Ser Val Ser Ser Cys Val Val Lys Asp Arg Tyr Leu 
1075 1080 1085 

Tyr Ser Gly Ser Glu Asp Asn Ser He Lys Val Trp Asp Leu Asp Thr 

1090 1095 1100 

Leu Glu Cys Val Tyr Thr He Pro Lys Ser His Ser Leu Gly Val Lys 
1105 1110 1115 1120 

Cys Leu Met Val Phe Asn Asn Gin He He Ser Ala A.la Phe Asp Gly 
1125 1130 1135 

Ser He Lys Val Trp Glu Trp Gin Ser Lys 
1140 1145 

(2) INFORMATIOIJ FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2237 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(11) MOLKrULE TYPE: ^jDNA 
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HYPOTHETICAL : KG 



(vi) ORIGINAL. SOURCE: 

(A) ORGANISM: Di ccyoste 1 ium discoideuni 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
ATAAGAAGAT AGAAGATGAT ATTTAAAGTT TGGTTTTCAT ATGAAGATGA GGAAGTGGAA 
CTATCAGAAT TAACAAATGA T7iCAACAGTG TCAGC/^TTA GAAAGATCTT ACATGAAGGT 
AAAATATTTA GATTTCCATA TGGTACATCT CAAACAGACT TGCAAATTGG AAAGATGTTA 
CCATCTGGTA GTGGTGGAGG TGCAACTGCA GACAGCAAAT TTGAGAAGTT TAAAGCACGT 
AATACATTAG CAGATATTCA ATATAAAGTT GGTGATACAT TATATGTTAG AGTTAAAAAA 
AGTAAACCAA CAAATGATTC ATTATTACCA ACATTAAATA TAGCATTTTT AGATGGATCA 
GAACGTGCAA TTAAATGGGA ATATGACCCA TATACTACAA CTGCTCAATG GACCTGTACA 
GCAACATTAG TCAAAGTTGA ACCAGTACCA TTTGCTGAAG GTGCATTTAG GAAAGCTTAT 
CATACATTGG ATTTAAGTAA ATCTGGTGCA AGTGGAAGAT ATGTATCAAA GATTGGTAAA 
AAJ^CCAACAC CAAGACCATC ATATTTTGAA GATGTAAAGA TGCAAATGAT AGCAAAGAAA 
TGGGCAGATA AATATAATTC ATTTAAACCT CCAAAAAAGA TTGAATTTTT ACAATCATGC 
GTTTTAGAGT TTGTAGATAG AACATCATCA GATTTAATTT GTGGAGCAGA ACCATATGTA 
GAAGGACAAT ATAGAAAGTA TAATTU^TAAT AGTGGATTCG TTAGTAATGA TGAAAGAAAT 
ACACCACAAT CATTCTCTCA TTTCACATAT GAACATTCAA ATCATCAATT ATTGATTATA 
GATATTCAAG GTGTTGGTGA TCACTATACA GACCCACAAA TTCATACCTA TGATGGTGTT 
GGTTTTGGTA TTGGTAATTT GGGTCAAAAA GGTTTTGAAA AGTTTTTAGA TACTCATAAA 
TGTAATGCAA TTTGCCAATA TTTAAATTTA CAATCAATTA ATCCAAAATC TGAAAAAAGT 
GATTGTGGTA CTGTACCAAG ACCAGATTTA ATTTTCCCTG ATACATCTGA AAGAGATAAT 
AATAATAATA ATAATAATAA TAATAATAAT AATAATAATA ATAAT7VATAA TAATAGTAAT 
AATAATAATA ATAACAATAG TAGTATTTCA AAATCATTAG TTG7VAATTTC AAGTGGTAGT 
AAAGA/^\GAA ATGATAGAGA TTCGCCAAGT AGACAATTAT TTGTTTCAAA TGATGGTAAT 



60 
12 0 
18 0 
24 0 
300 
36 0 
42 0 
480 
540 
6 00 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
12 6 0 
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ACATTA/^iTA CAAATAAAGA GAGATCA7\AA TCAAAATCAA TAGATTTAGA AAAACCAGAA 

ATTTTAJVTAA ATA^^.TAAGAA AAJ\AGAGAGT ATA/J^.TTTGG AAACGATAAA ATTAATTGAA 

ACTATTAAAG GATATCAT''^T TACAAGTCAT TTATGTATTT GTG/^TAATTT ATTATTTACA 

GGATGTTCAG ATAATTCAAT TAGAGTGTAT GATTATAAGA GTCAAAATAT GGAATGTGTT 

CAAACCTTGA AAGGTCATGA AGGTCCAGTT GAATCAATTT GTTATAATGA TCAATATTTG 

TTTAGTGGTT CATCAGATCA TTCAATTAAA GTTTGGGATT TAAAGAAATT AAGATGTATT 

TTTACTTTGG AGGGTCATGA TAAACCTGTC CATACGGTTC TATTGAATGA TAAATATTTG 

TTTAGTGGTT CCTCTGAC/vA A^CTATCAAA GTTTG<3GATT TGAAAACTTT GGAATGTAAA 

TATACCCTTG AAAGTCATGC CAGAGCCGTC AAAACACTTT GTATATCTGG TCAATATTTA 

TTTAGTGGTT CAAATGAT/^ AJ^CTATCAAG GTTTG-'^'^ATT TGAAAACTTT TCGTTGTAAC 

TACACTCTAA AAGGTCATAC TAAATGGGTC ACCAGTATCT GTATATTAGG TACCAATCTC 

TACAGTGGCT CCTATGATAA AACTATAAGA GTTTGGAATT TAAAGAGTTT AGAATGTTCC 

GCTACTTTAA GAGGCCATGA TAGATGGGTT GAACATATGG TAATTTGTGA TAAATTATTA 

TTTACTGCTA GTGACGAT^l?^ TACAATTAAA ATTTGGGATT TAG7VAACATT AAGATGTAAT 

ACAACTTTGG AAGGACAT/\A TGCAACCGTT CAATGTTTAG CAGTTTGGGA AGATAAAAAA 

TGTGTTATTA GTTGTAGTCA TGATCAAAGT ATTAGAGTTT GGGGTTGGAA TTAATTTAAA 
ATAAAAAAAA AAAACAT 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 732 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 
(vi) ORIGINAL SOURCE: 



13 20 
13 8 0 
1440 
1500 
156 0 
162 0 
16 8 0 
174 0 
18 0 0 
186 0 
1920 
1980 
2040 
2100 
216 0 
2 22 0 
2237 



(A) ORGANISM: Dictyos tel ium discoideum 
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Met lie Phe Lys Val Trp Phe Sei" Tyr Glu Asp Glu Glu Val Glu Leu 
15 10 15 

Ser Glu Leu Thr Asn Asp Thr Thr Val Ser Ala lie Arg Lys lie Leu 
20 25 30 

His Glu Gly Lys lie Phe Arg Phe Pro Tyr Gly Thr Ser Gin Thr Asp 
35 40 45 

Leu Gin lie Gly Lys Met Leu Pro Sor Gly Ser Gly Gly Gly Ala Thr 
50 55 60 

Ala Asp Ser Lys Phe Glu Lys Phe Lys Ala Arg Asn Thr Leu Ala Asp 
65 70 75 80 

lie Gin Tyr Lys Val Gly Asp Thr Leu Tyr Val Arg Val Lys Lys Ser 
85 90 95 

Lys Pro Thr Asn Asp Ser Leu Leu Pro Thr Leu Asn lie Ala Phe Leu 
100 105 110 

Asp Gly Ser Glu Arg Ala lie Lys Trp Glu Tyr Asp Pro Tyr Thr Thr 
115 120 125 

Thr Ala Gin Trp Thr Cys Thr Ala Thr Leu Val Lys Val Glu Pro Val 
130 135 140 

Pro Phe Ala Glu Gly Ala Phe Arg Lys Ala Tyr His Thr Leu Asp Leu 
145 150 155 160 

Ser Lys Ser Gly Ala Ser Gly Arg Tyr Val Ser Lys lie Gly Lys Lys 
165 170 175 

Pro Thr Pro Arg Pro Ser Tyr Phe Glu Asp Val Lys Met Gin Met lie 

180 185 190 

Ala Lys Lys Trp Ala Asp Lys Tyr Asn Ser Phe Lys Pro Pro Lys Lys 
195 200 205 

lie Glu Phe Leu Gin Ser Cys Val Leu Glu Phe Val Asp Arg Thr Ser 
210 215 220 

Ser Asp Leu lie Cys Gly Ala Glu Pro Tyr Val Glu Gly Gin Tyr Arg 
225 230 235 240 

Lys Tyr Asn Asn Asn Ser Gly Phe Val Ser Asn Asp Glu Arg Asn Thr 
245 250 255 



Pro Gin Ser Phe Ser His Phe Thr Tyr Glu His Ser Asn His Gin Leu 
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260 265 270 

Leu He He A&p lit Gin Gly Val Giy Asp Hi 5; 'I'yr Thr Asp Pro Gin 
275 280 285 

He His Thr Tyr Asp Gly Val Gly Phe Gly He Gly Asn Leu Gly Gin 
2S*0 295 300 

Lys Gly Phe Glu Lys Phe Leu Asp Thr His Lys Cys Asn Ala He Cys 
305 310 315 320 

Gin T^'r Leu Asn Leu Gin Ser He Asn Pro Lys Ser Glu Lys Ser Asp 
325 330 335 

Cys Gly Thr Val Pro Arg Pro Asp Leu He Phe Pro Asp Thr Ser Glu 

340 345 350 

Ai'g 7vsp Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn 
355 360 365 

Asn Asn Asn Asn Asn Ser Asn Asn Asn Asn Asn Asn Asn Ser Ser He 
370 375 380 

Ser Lys Ser Leu Val Glu He Ser Ser Gly Ser Lys Glu Arg Asn Asp 
385 390 395 400 

Arg Asp Ser Pro Ser Arg Gin Leu Phe Val Ser Asn Asp Gly Asn Thr 
405 410 415 

Leu Asn Thr Asn Lys Glu Arg Ser Lys Ser Lys Ser He Asp Leu Glu 
420 425 430 

Lys Pro Glu He Leu He Asn Asn Lys Lys Lys Glu Ser He Asn Leu 
435 440 445 

Glu Thr He Lys Leu He Glu Thr He Lys Gly Tyr His Val Thr Ser 
450 455 460 

His Leu Cys He Cys Asp Asn Leu Leu Phe Thr Gly Cys Ser Asp Asn 
465 470 475 480 

Ser He Arg Val Tyr Asp Tyr Lys Ser Gin Asn Met Glu Cys Val Gin 
485 490 495 

Thr Leu Lys Gly Has Glu Gly Pro Val Glu Ser He Cys Tyr Asn Asp 
500 505 510 

Gin Tyr Leu Phe Ser Gly Ser Ser Asp His Ser He Lys Val Trp Asp 
515 520 525 

Leu Lys Lys Leu Arg Cys He Phe Thr Leu Glu Gly His Asp Lys Pro 
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530 535 540 

Val His Thr Vai Leu Leu Asn Asp l.ys T\'r Leu Phe Ser Gly Ser Ser 
545 550 55b 56C 

Asp Lys Thr lie Lys Val Trp Asp Leu Lys Thr Leu Glu Cys Lys Tyr 
565 570 575 

Thr Leu Glu Ser His Ala Arg Ala Val Lys Thr Leu Cys lie Ser Gly 
580 585 590 

Gin Tyr Leu Phe Ser Gly Ser Asn Asp Lys Thr lie Lys Val Trp Asp 
595 600 605 

Leu Lys Thr Phe Arg Cys Asn Tyr Thr Leu Lys Gly His Thr Lys Trp 
610 615 620 

Val Thr Thr lie Cys lie Leu Gly Thr Asn Leu Tyr Ser Gly Ser Tyr 
62 5 630 635 640 

Asp Lys Thr lie Arg Val Trp Asn Leu Lys Ser Leu Glu Cys Ser Ala 

645 650 655 

Thi" Leu Arg Gly His Asp Arg Trp Val Glu His Met Val lie Cys Asp 
660 665 670 

Lys Leu Leu Phe Thr Ala Ser Asp Asp Asn Thr lie Lys lie Trp Asp 
675 680 685 

Leu Glu Thr Leu Arg Cys Asn Thr Thr Leu Glu Gly His Asn Ala Thr 
690 695 700 

Val Gin Cys Leu Ala Val Trp Glu Asp Lys Lys Cys Val lie Ser Cys 
705 710 715 720 

Ser His Asp Gin Ser lie Arg Val Trp Gly Trp Asn 

725 730 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(.i) SKOnENCE CHARACTERISTICS: 

(A) LENGTH: 2 307 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED^JESS : double 

(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE cDNA 
(iii) HYPOTHETICAL: NO 
(vi) ORIGINAL SOURCE: 
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(A) ORGAlsflSM: C. eleganc 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO : 9 : 

ATGACGATCG ACACAACAAA TGAGAGCGAC AATAGTCC^iA CTAACTCACC AGGATTGGAG 6 0 

GCCTCGGCTC GGACATTCTC GCTCAATGCG TCAAAAATGG TTCGGATAAC CGACGACTAC 12 0 

GCAGATGAAG TGTTCATTGA ACAGAATGAT GTCGTTATCG AGAAGCCTCG TATGGATCCT 18 0 

CTCCACGTTA GAAAACTTAT >3GAGACATGG CGCAAGGCTG CTCGCCGAGC AAGAACAAAC 2*10 

TATATAGATC CATGGGATGA GTTCAACATC CACGAGTATC CAGTACAACG AGCTAAACGA 3 00 

TATA'^GTATT CTGC/^iATCAG A-A--\GCAATGG ACAGA<5GATA TAC^TCGATGT GAGACTTCAT 36 0 

CCGGACAGTT TTGCACGTGG AGCCATGCGA GAATGCTACC GACTCAAAAA GTGCTCCAAG 42 0 

CACGGAACAJ^ GTCAAGATTG GAGCAGGAAC TATGTCGC;^ AA/\GATACAT TTGTCAAGTC 46 0 

GATCGTAGAG TTCTTTTCGA TGATGTCAGA CTTCAGATGG ATGCCAAATT ATGGGCTGAA 54 0 

GAATATAATC GGTATAATCC ACCGAAGAAA ATTGATATTG TTCAAATGTG TGTCATTGAG 6 00 

ATGATTGATG TAAAAGGTTC TCCACTCTAT CATTTGGAGC ATTTCATCGA GGGAAAATAT 66 0 

ATAAAATACA ATTCAAACTC AGGATTTGTA TCAAATGCAG CTCGTCTTAC ACCACAAGCA 72 0 

TTTTCTCACT TCACCTTCGA ACGTTCTGGT CATCAAATGA TGGTTGTCGA TATTCAAGGA 78 0 

GTTGGTGATC TTTACACAGA TCCTCAGATT CATACAGTTG TGGGAACTGA TTATGGAGAT 84 0 

GGAAACCTCG GAACTCGTGG AATGGCTCTT TTCTTCCATT CACACAGATG TAACGATATT 90 0 

TGTGAGACAA TGGATCTATC AAATTTCGAA CTTTCGCCAC CTGA^AATCGA GGCTACCGAA 96 0 

GTTGCGATGG AAGTAGCTGC AAAGCAGAAA AAGTCATGCA TAGTTCCTCC AACTGTGTTC 102 0 

G^AAGCAAGAA GAAATCGAAT TTCAAGTGAA TGTGTACATG TCGAGCATGG TATTTCGATG 108 0 

GATCAATTGA GAAAAAGGAA GACGTTGAAT CAATCGTCAA CCGATTTGTC AGCAAAGAGT 114 0 

CACAACGAAG ACTGTGTATG TCCTGAGTGT ATTCCAGTTG TTGAGCAACT CTGTGAGCCT 12 00 

TGCTCCGAAG ATGAAGAGGA CGAAGAAGAA GACTATCCAA GAAGTGAAAA AAGTGGAAAT 12 6 0 

AGTCAGAAAA GTCGACGTAG TAGAATGAGC ATTTCAACGA GATCTTCTGG CGATGAATCA 13 2 0 

GCATCTCGTC CTAGAAAATG CGGATTTGTA GATTTAJ^CT CACTTCGTCA GA.GACATGAT 138 0 
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AGCTTCAGAA GTTCTGTTGG GACATATTCT ATGAATAGTT CTAGACAAAC CAGAGACACT 14 4 0 

GA.^J^^.GGATG AATTCTGG/V^ GGTTCTTCGA A;.J\CAATCAG TTCCAi3CAAA CATTCTATCA 15 0 0 

CTTCAACTTC AACAAATGGC TGCTAACCTG GAAAATGATG AAGACGTACC ACAAGTCACC 156 0 

GGGCATCAGT TCTCTGTCCT CGGTCAGATT CATATTGATC TCTC/vCGATA TCATGAGCTC 16 2 0 

GGGCGGTTCG TAGAAGTTGA TTCAGAACAT AAGGAAATGC TTGAGGGAAG TGAAAATGAC 16 8 0 

GCTCGTGTAC CAATCAAATA CGACAAGCAG TCTGCJ^ATTT TCCATTTGGA TATCGCTCGG 174 0 

AAGTGTGGAA TCCTTGAGGC TGTGCTAACA TCGGCTCATA TTGTTCTCGG ATTACCACAT 18 0 0 

GA.A.TTGTTGA AAGAAGTCAC CGTTGATGAT CTGTTTCCTA ATGGGTTTGG AGAACAGGAA 186 0 

AATGGAATTC GAGCTGATAA AGGACAAAAA CCTTGTGACC TAGAAGAGTT CGGCTCCGAT 192 0 

CTGATGGAAA TTGCTGCAGA GATGGGTGAT AAGGGTGCAA TGCTGTACAT GGCACACGCT 198 0 

TATGAAACTG GTCAGCATCT CGGACCGAAT CGAAGAACGG ATTATAAGAA ATCGATTGAT 2 04 0 

TGGTATCAAC GCGTCGTTGG ATTCCAAGAA GAAGAAGAAC TTGACTCTGA TTGTGGAAAA 2100 

ACGACATTCT CCTCATTTGC TCCACTGACT CGTCACGAGA TTCTAGCCAA AATGGCTGAA 216 0 

ATGTACAAAG AGGGAGGTTA TGGCCTGAAT CAAGACTTCG AACGAGCATA TGGTCTATTC 22 2 0 

AATGAAGCTG CTGAAGCAGC AATGGAAGCA ATGAATGGAA AGCTCGCAAA TAAATACTAT 22 8 0 

GAAAAAGCGG AAATGTGTGG AGAATGA 23 07 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

{A} LENGTH: 768 amino acids 

(B) TYPE: ammo acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: protein 

{iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: C. elegans 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
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Met Thr He Asp Thr 
1 5 

Pro Gly Leu Glu Ala 
20 

Met Val Arg He Thr 
35 

Asn Asp Val Val He 
50 

Lys Leu Met Glu Thr 

e E 

l^yr He Asp Pro Trp 
8 5 

Arg Ala Lys Arg T\'r 
100 

Asp He Val Asp Val 
115 

Met Arg Glu Cys Tyr 
130 

Gin Asp Trp Ser Ser 
145 

Asp Arg Arg Val Leu 
16 5 

Leu Trp Ala Glu Glu 
180 

He Val Gin Met Cys 
195 

Leu Tyr His Leu Glu 
210 

Ser Asn Ser Gly Phe 
22 5 

Phe Ser His Phe Tlir 
245 

Asp He Gin Gly Val 

260 
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Thr Asn Glu Ser Asp Asn 
10 

Ser Ala Arg Thr Phe Ser 

25 

Asp Asp Tyr Ala As.p Glu 
40 

Glu Lys Pro Arg Met Asp 
55 

Trp Arg Lys Ala Ala Arg 
70 75 

Asp Glu Phe Asn He His 
9 0 

Arg Tyr Ser Ala He Arg 
10 5 

Arg Leu His Pro As'p Ser 
120 

Arg Leu Lys Lys Cys Ser 
135 

Asn Tyr Val Ala Lys Arg 

150 155 

Phe Asp Asp Val Arg Leu 
170 

Tyr Asn Arg Tyr Asn Pro 
185 

Val He Glu Met He Asp 
200 

His Phe He Glu Gly Lys 
215 

Val Ser Asn Ala Ala Arg 

230 235 

Phe Glu Arg Ser Gly His 
250 

Gly Asp Leu Tyr Thr Asp 

26 5 
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Ser Pro Thr Asn Ser 
15 

Leu Asn Ala Ser Lys 
30 

Val Phe He Glu Gin 
45 

Pro Leu His Val Arg 
60 

Arg Ala Arg Thr Asn 
80 

Glu Tyr Pro Val Gin 
95 

Lys Gin Trp Thr Glu 
110 

Phe Ala Arg Gly Ala 
125 

Lys His Gly Thr Ser 
140 

Tyr He Cys Gin Val 
160 

Gin Met Asp Ala Lys 
175 

Pro Lys Lys He Asp 
190 

Val Lys Gly Ser Pro 
205 

Tyr He Lys Tyr Asn 
220 

Leu Thr Pro Gin Ala 
240 

Gin Met Met Val Val 
255 

Pro Gin He His Thr 
270 
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Val Val Gly Thr Asp Tyr Gly Asp Gly Asn Leu Gly Thr Arg Gly Met 
27B 280 285 

7ila Leu Phe Phe Kis Ser His Arg Cys Asn Asp lie Cys Glu Thr Met 
290 295 300 

Asp Leu Ser Asn Phe Glu Leu Ser Pro Pro Glu lie Glu Ala Thr Glu 
305 310 315 320 

Val Ala Met Glu Vai Ala Ala Lys Gin Lys Lys Ser Cys lie Val Pro 
325 330 335 

Pro Thr Val Phe Glu Ala Arg Arg Asn Arg lie Ser Ser Glu Cys Val 
340 34 5 350 

His Val Glu His Gly lie Ser Met Asp Gin Leu Arg Lys Arg Lys Thr 
355 360 365 

Leu Asn Gin Ser Ser Thr Asp Leu Ser Ala Lys Ser His Asn Glu Asp 
370 375 380 

Cys Val Cys Pro Glu Cys lie Pro Val Val Glu Gin Leu Cys Glu Pro 
385 390 395 400 

Cys Ser Glu Asp Glu Glu Asp Glu Glu Glu Asp Tyr Pro Arg Ser Glu 
405 410 415 

Lys Ser Gly Asn Ser Gin Lys Ser Arg Arg Ser Arg Met Ser lie Ser 
420 425 430 

Thr Arg Ser Ser Gly Asp Glu Ser Ala Ser Arg Pro Arg Lys Cys Gly 
435 440 445 

Phe Val Asp Leu Asn Ser Leu Arg Gin Arg His Asp Ser Phe Arg Ser 
45 0 455 460 

Ser Val Gly Thr Tyr Ser Met Asn Ser Ser Arg Gin Thr Arg Asp Thr 
465 470 475 480 

Glu Lys Asp Glu Phe Trp Lys Val Leu Arg Lys Gin Ser Val Pro Ala 
48b 490 495 

Asn lie Leu Ser Leu Gin Leu Gin Gin Met Ala Ala Asn Leu Glu Asn 

500 505 510 

Asp Glu Asp Val Pro Gin Val Thr Gly His Gin Phe Ser Val Leu Gly 
515 520 525 

Gin lie His lie Asp Leu Ser Arg Tyr His Glu Leu Gly Arg Phe Val 
530 535 540 
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Glu Val Asp Ser Glu His Lys Glu Met Leu Glu Gly Ser Glu Asn Asp 
r>45 550 555 560 

Ala Arg Val Pro lie Lys Tyr Asp Lys Gin Ser Ala lie Phe His Leu 

56 5 570 575 

Asp lie Ala Arg Lys Cys Gly He Leu Glu Ala Val Leu Thr Ser Ala 

580 585 590 

His He Val Leu Gly Leu Pro His Glu Leu Leu Lys Glu Val Thr Val 
595 600 605 

Asp Asp Leu Phe Pro Asn Gly Phe Gly Glu Gin Glu Asn Gly lie Arg 
610 615 620 

Ala Asp Lys Gly Gin Lys Pro Cys Asp Leu Glu Glu Phe Gly Ser Asp 
625 630 635 640 

Leu Met Glu He A:.a Ala Glu Met Gly Asp Lys Gly Ala Met Leu Tyr 
64 5 6 50 6 55 

Met Ala His Ala Tyr Glu Thr Gly Gin His Leu Gly Pro Asn Arg Arg 
660 665 670 

Thr Asp Tyr Lyc Lys Ser He Asp Trp Tyr Gin Arg Val Val Gly Phe 
675 680 685 

Gin Glu Glu Glu Glu Leu Asp Ser Asp Cys Gly Lys Thr Thr Phe Ser 
690 695 700 

Ser Phe Ala Pro Leu Thr Arg His Glu He Leu Ala Lys Met Ala Glu 
705 710 715 720 

Met Tyr Lys Glu Gly Gly Tyr Gly Leu Asn Gin Asp Phe Glu Arg Ala 
725 730 735 

Tyr Gly Leu Phe Asn Glu Ala Ala Glu Ala Ala Met Glu Ala Met Asn 
740 745 750 

Gly Lys Leu Ala Asn Lys Tyr Tyr Glu Lys Ala Glu Met Cys Gly Glu 
755 760 765 



(2) INFORMATION FOR SEQ ID NO ill: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2283 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY; linear 
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(11) MOLECULE TYPE : cDNA 

M 11 : HYPOTHETICAL : NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: C. elegans 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 11 : 

ATGACGATCG ACACAACAAA TGAGAGCGAC AATAGTCCAA CTAACTCACC AGGATTGGAG 

GCCTCGGCTC GGACATTCTC GCTCAATGCG TCAAAAATGG TTC<^GATAAC CGACGACTAC 

GCAGATGAAG TGTTCATTGA ACAGAATGAT GTCGTTATCG AGA;vGCCTCG TATGGATCCT 

CTCCACGTTA GAAAACTTAT GGAGACATGG CGCAAGGCTG CTCGCCGAGC AAGAACAAAC 

TATATAGATC CATGGGATGA GTTCAACATC CACGAGTATC CAGTACAACG AGCTAAACGA 

TATAGGTATT CTGCAATCAG AAAGCAATGG ACAGAGGATA TAGTCGATGT GAGACTTCAT 

CCGGACAGTT TTGCACGTGG AGCCATGCGA GAATGCTACC GACTCAAAAA GTGCTCCAAG 

CACGGAACAA GTCAAGATTG GAGCAGCAAC TATGTCGCAA AAAGATACAT TTGTCAAGTC 

GATCGTAGAG TTCTTTTCGA TGATGTCAGA CTTCAG7^TGG ATGCCAAATT ATGGGCTGAA 

GAATATAATC GGTATAATCC ACCGAAGAAA ATTGATATTG TTC.AAATGTG TGTCATTGAG 

ATGATTGATG TAAAAGGTTC TCCACTCTAT CATTTGGAGC ATTTCATCGA GGGAAAATAT 

ATAAAATACA ATTCAAACTC AGGATTTGTA TCAAATGCAG CTCGTCTTAC ACCACAAGCA 

TTTTCTCACT TCACCTTCGA ACGTTCTGGT CATCAAATGA TGGTTGTCGA TATTCAAGGA 

GTTGGTGATC TTTACACAGA TCCTCAGATT CATACAGTTG TGGGAACTGA TTATGGAGAT 

GGAAACCTCG GAACTCGTGG AATGGCTCTT TTCTTCCATT CACACAGATG TAACGATATT 

TGTGAGACAA TGGATCTATC AAATTTCGAA CTTTCGCCAC CTGAAATCGA GGCTACCGAA 

GTTGCGATGG AAGTAGCTGC AAAGCAGAAA AAGTCATGCA TAGTTCCTCC AACTGTGTTC 

GAAGCAAGAA GAAATCGAAT TTCAAGTGAA TGTGTACATG TCGAGCATGG TATTTCGATG 

GATCAATTGA GAAAAAGGAA GACGTTGAAT CAATCGTCAA CCGATTTGTC AGCAAAGAGT 

CACAACGAAG ACTGTGTATG TCCTGAGTGT ATTCCAGTTG TTGAGCA/^CT CTGTGAGCCT 



60 
120 
180 
24 0 
3 00 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
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TGCTCCGAAG ATGAAGAGGA ■::<'j;/iAGAAGAA GACTATCCAA GAAi^TGAAAA AAGTGGAAAT 

AC^TCAGAA/VA GTCGAC^GTAG TAGAATGAGC ATTTCAACGA GAT':'TTCTGG CGATGAATCA 

GCATCTCGTC CTP^GAAAATG CLiGATTTGTA GATTTAAACT CACTTCGTCA GAGACATGAT 

AGCTTCAGAA GTTCTGTTGG GACATATTCT ATGAATAGTT CTAGACAAAC CAGAGACACT 

GAAAAGGATG AATTCTGGAA G''^TTCTTCGA AAACAATCAG TTCCAGCAAA cattctatca 

CTTCAACTTC AACAAATGGC TGCTAACCTG GAAAATGATG AAGACGTACC ACAAGTCACC 

gggcatcagt tctctgtcct cggtcagatt catattgatc tctcacgata tcatgagctc 

GGGCGGTTCG TAGAAGTTGA TTCAGAACAT AAGGAAATG r TTGAGGGAAG TGAAAATGAC 

GCTCGTGTAC CAATCAAATA C-^ACAAGCAG TCTGCAATTT TCCATTTGGA TATCGCTCGG 

AAGTGTGGAA TCCTTGAGGC TGTGCTAACA TCGGCTCATA TTGTTCTCGG attaccacat 

GA-C,TTGTTGA A7iGAAGTCAC C 3TTGATGAT CTGTTTCCTA ATGGGTTTGG AGAACAGGAA 

aatggaattc gagacctaga agagttcggc tccgatctga tggaaattgc tgcagagatg 

GGTGATAAGG GTGCAATGCT GTACATGGCA CACGCTTATG AAACTGGTCA GCATCTCGGA 
GCGAATCGAA GAACGGATTA TAAGAAATCG ATTGATTGGT ATCAACGCGT CGTTGGATTC 
CAAGAAGAAG AAGAACTTGA CTCTGATTGT GGAAAAACGA cattctcctc atttgctcca 
CTGACTCGTC ACGAGATTCT AGCCAAAATG GCTGAAATGT ACAAAGAGGG AGGTTATGGC 
CTGAATCAAG ACTTCGAACG AGCATATGGT CTATTCAATG AAGCTGCTGA AGCAGCAATG 
GAAGCAATGA ATGGAAAGCT CGCAAATAAA TACTATGAAA AAGCGGAAAT GTGTGGAGAA 
TGA 

(2) INFORMATION FOR SEO ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 760 amino acids 

(B) TYPE: ammo acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 



1260 
13 20 
13 8 0 
1440 
IBOO 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2283 



BNSDOCID <W0_ 



w o 99/09199 PCT/US98/17 

-31- 

(A) CRGAInIISM: C. elegans 



(>-) SEQUENCE DESCRIPTION : SEQ ID NO : 1 2 : 

Met Thr He Asp Thr Thr Asn Glu Ser Asp Asn Ser Fro Thr Asn Ser 
15 10 15 

Pro Gly Leu Glu Ala Ser Ala Arg Thr Phe Ser Leu Asn Ala Ser Lys 
2 0 2 5 3 0 

Met Val Arg He Thr Asp Asp Tyr Ala Asp Glu Val Phe He Glu Gin 
35 40 45 

Asn Asp Val Val Ho Glu Lys Pro Arg Met Asp Pro Leu His Val Arg 
50 55 60 

Lys Leu Met Glu Thr Trp Arg Lys Ala Ala Arg Arg Ala Arg Thr Asn 
65 70 75 80 

Tyr He Asp Pro Trp Asp Glu Phe Asn He His Glu Tyr Pro Val Gin 
85 90 95 

Arg Ala Lys Arg Tyr Arg Tyr Ser Ala He Arg Lys Gin Trp Thr Glu 

100 105 110 

Asp He Val Asp Val Arg Leu His Pro Asp Ser Phe Ala Arg Gly Ala 
115 120 125 

Met Arg Glu Cys Tyr Arg Leu Lys Lys Cys Ser Lys His Gly Thr Ser 
130 135 140 

Gin Asp Trp Ser Ser Asn Tyr Val Ala Lys Arg Tyr He Cys Gin Val 
145 150 155 160 

Asp Arg Arg Val Leu Phe Asp Asp Val Arg Leu Gin Met Asp Ala Lys 
165 170 175 

Leu Trp Ala Glu Glu Tyr Asn Arg Tyr Asn Pro Pro Lys Lys He Asp 
180 185 190 

He Val Gin Met Cys Val He Glu Met He Asp Val Lys Gly Ser Pro 
195 200 205 

Leu Tyr His Leu Glu His Phe He Glu Gly Lys Tyr He Lys Tyr Asn 
210 215 220 



Ser Asn Ser Gly Phe Val Ser Asn Ala Ala Arg Leu Thr Pro Gin Ala 
225 230 235 240 
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Phe? Ser His Phe Thr Phe Glu Arg Ser Gly His Gin Met Met Val Val 

245 250 255 

Asp lie Gin Gly Va.l Gly Asp Leu Tyr Thr Asp Pro Gin lie His Thr 

260 265 270 

Val Val Gly Thr Asp Tyr Gly Asp Gly Asn Leu Gly Thr Arg Gly Met 
275 280 285 

Ala Leu Phe Phe His Ser His Arg Cys Asn Asp lie Cys Glu Thr Met 
290 295 300 

Asp Leu Ser Asn Phe Glu Leu Ser Pro Pro Glu lie Glu Ala Thr Glu 
305 310 315 320 

Val Ala Met Glu Val Ala Ala Lys Gin Lys Lys Ser Cys lie Val Pro 
32 5 330 335 

Pro Thr Val Phe Glu Ala Arg Arg Asn Arg lie Ser Ser Glu Cys Val 
3 4 0 3 4 5 3 5 0 

His Val Glu His Gly He Ser Mot Asp C4ln Leu Arg L//s Arg Lys Thr 
355 360 36 5 

Leu Asn Gin Ser Ser Thr Asp Leu Ser Ala Lys Ser His Asn Glu Asp 
370 375 380 

Cys Val Cys Pro Glu Cys He Pro Val Val Glu Gin Leu Cys Glu Pro 
385 390 395 400 

Cys Ser Glu Asp Glu Glu Asp Glu Glu Glu Asp Tyr Pro Arg Ser Glu 
405 410 415 

Lys Ser Gly Asn Ser Gin Lys Ser Arg Arg Ser Arg Met Ser He Ser 
420 425 430 

Thr Arg Ser Ser Gly Asp Glu Ser A].a Ser Arg Pro Arg Lys Cys Gly 
435 440 445 

Phe Val Asp Leu Asn Ser Leu Arg Gin Arg His Asp Ser Phe Arg Ser 
450 455 460 

Ser Val Gly Thr Tyr Ser Met Asn Ser Ser Arg Gin Thr Arg Asp Thr 
465 470 475 480 

Glu Lys Asp Glu Phe Trp Lys Val Leu Arg Lys Gin Ser Val Pro Ala 
485 490 495 

Asn He Leu Ser Leu Gin Leu Gin Gin Met Ala Ala Asn Leu Glu Asn 
500 505 510 
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Asp Giu Asp Val Pro Gin Val Thr Gly His Gin Phe Ser Val I.eu Gly 
515 520 525 

Gin lie Kis lie Asp Leu Ser Arg Tyr His Glu Leu Gly Arg Phe Val 
530 535 540 

Glu Val Asp Ser Glu His Lys Glu Met Leu Glu Gly Ser Glu Asn Asp 
545 550 555 560 

Ala Arg Val Pro lie Lys Tyr Asp Lys Gin Ser Ala lie Phe His Leu 
565 570 575 

Asp lie Ala Arc Lys Cys Gly lie Leu Glu Ala Val Leu Thr Ser Ala 
580 585 590 

His lie Val Leu Gly Leu Pro His Glu Leu Leu Lys Glu Val Thr Val 
595 600 605 

Asp Asp Leu Phe Pro Asn Gly Phe Gly Glu Gin Glu Asn Gly lie Arg 
610 615 620 

Asp Leu Glu Glu Phe Gly Ser Asp Leu Met Glu lie Ala Ala Glu Met 
625 630 635 640 

Gly Asp Lys Gly Ala Met Leu Tyr Met Ala His Ala Tyr Glu Thr Gly 
645 650 655 

Gin His Leu Gly Pro Asn Arg Arg Thr Asp Tyr Lys Lys Ser lie Asp 

660 665 670 

Trp Tyr Gin Arg Val Val Gly Phe Gin Glu Glu Glu Glu Leu Asp Ser 
675 680 685 

Asp Cys Gly Lys Thr Thr Phe Ser Ser Phe Ala Pro Leu Thr Arg His 
690 695 700 

Glu lie Leu Ala Lys Met Ala Glu Met Tyr Lys Glu Gly Gly Tyr Gly 
705 710 715 720 

Leu Asn Gin Asp Phe Glu Arg Ala Tyr Gly Leu Phe Asn Glu Ala Ala 
725 730 735 

Glu Ala Ala Met Glu Ala Met Asn Gly Lys Leu Ala Asn Lys Tyr Tyr 
740 745 750 

Glu Lys Ala Glu Met Cys Gly Glu 
755 760 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 628 base pairs 

(B) TYPE nucleic acid 
iC) STRAIJDEIjNESS : double 
( D ) TOPOLOGY . linear 

( i i ) MOLECULE TYPE : cDNA 

(ill) HYPOTHETICAL: NO 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM; Die tyoste 1 ium discoideum 



(XI ) SEgUENCE DESCRIPTION: SEQ ID NO: 13: 

GTATTGTATG TGTTTCAATT GAGAAGACTC CATTTGCAAA GGGTAGTTGT AGAACAGCAC 6 0 

ATAAA.TTAAA GGATTGGAGT CTVACCAGATC AAGGATTAGT TGGTAAA.TTT TCAACCAATA 12 0 

AAAAGACGAC /^fiGAGATTCA TACTTTACAG ATGTATTGAT GCAAACATTT TGTGCTAAAT ISO 

GGGCAGAGAA ATTCAATGAA GCGAAACCAC CAAAACCAAT TACATTCTTA CCATCATACG 24 0 

TTTACGAATT GATTGATCAT CCACCACCTT ATCCAGTTTG TGGTGGTGAA CCATTCATTG 3 00 

AGGGAGATTA CAAGAAACAT AACAACAACA GTGGTTACGT TAGTAGTGAT GCTAGAAATA 36 0 

CACCACAATC ATTCTCTCAT TTCTCATACG AACTCTCCAA TCATGAATTG TTGATCGTTG 42 0 

ATATCCAAGG TGTCAACGAT TTCTACACTG ATCCTCAAAT TCATACGAAA TCAGGCGAGG 48 0 

GCTTTGGCGA GGGTAATTTG GGCGAGACGG GTTTCCACAA ATTCCTTCAA ACACACAAGT 54 0 

GTAATCCAGT TTGTGACTTT TTAAAGTTGA AACCAATCAA TCAATCAAAG AAAGCCCTCC 6 00 

TAAGAGGTAC ATTACCCGTC GTACAATT 62 8 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 209 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: Ixnear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 
(VI) ORIGINAL SOURCE: 
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(A) ORGAl-^ISM: Dictyostelium discoideum 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 14 : 

He Val Cys Val Ser He Glu Lys Thr Pro Phe Ala Lys Gly Ser Cys 
15 10 15 

Arg Thr Ala His Lys Leu Lys Asp Trp Ser Glii Pro 7^sp Gin Gly Leu 

20 25 30 

Val Gly Lys Phe Ser Thr Asn Lys Lys Thr Thr Arg Asp Ser Tyr Phe 
35 40 45 

Thr Asp Val Leu Met Gin Thr Phe Cys Ala Lys Trp Ala Glu Lys Phe 
50 55 60 

Asn Glu Ala Lys Pro Pro Lys Pro He Thr Phe Leu Pro Ser Tyr Val 
65 70 75 80 

Tyr Glu Leu He Asp His Pro Pro Pro Tyr Pro Val Cys Gly Gly Glu 
85 90 95 

Pro Phe He Glu Gly Asp Tyr Lys Lys His Asn Asn Asn Ser Gly Tyr 
100 105 110 

Val Ser Ser Asp Ala Arg Asn Thr Pro Gin Ser Phe Ser His Phe Ser 
115 120 125 

Tyr Glu Leu Ser Asn His Glu Leu Leu He Val Asp He Gin Gly Val 

130 135 140 

Asn Asp Phe Tyr Thr Asp Pro Gin He His Thr Lys Ser Gly Glu Gly 
145 150 155 160 

Phe Gly Glu Gly Asn Leu Gly Glu Thr Gly Phe His Lys Phe Leu Gin 
165 170 175 

Thr His Lys Cys Asn Pro Val Cys Asp Phe Leu Lys Leu Lys Pro He 
18 0 iHb 190 

Asn Gin Ser Lys Lys Ala Leu Leu Arg Gly Thr Leu Pro Val Val Gin 
195 200 205 

Leu 



(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 238 amino acids 

(R) TYPE ammo acid 

(C) STRAIJDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGAITISM: Homo sapiens 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO :1b: 

Gly Glu Trp Leu Asp Asp Glu Val Leu lie Lys Met Ala Ser Gin Pro 
1 5 10 15 

Phe 3ly Arg Gly Ala Met Arg Glu Cys Phe Arg Thr Lys Lys Leu Ser 
20 25 30 

Asn Phe Leu His Ala Gin Gin Trp Lys Gly Ala Ser Asn Tyr Val Ala 
35 40 45 

Lys Arg Tyr lie Glu Pro Val Asp Arg Asp Val Tyr Phe Glu Asp Val 
50 55 60 

Arg Leu Gin Met Glu Ala Lys Leu Trp Gly Glu Glu Tyr Asn Arg His 
65 70 75 80 

Lys Pro Pro Lys Gin Val Asp lie Met Gin Met Cys lie lie Glu Leu 
85 90 95 

Lys Asp Arg Pro Gly Lys Pro Leu Phe His Leu Glu His Tyr lie Glu 
100 105 110 

Gly Lys Tyr lie Lys Tyr Asn Ser Asn Ser Gly Phe Val Arg Asp Asp 
115 120 125 

Asn lie Arg Leu Thr Pro Gin Ala Phe Ser His Phe Thr Phe Glu Arg 
130 135 140 

Ser Gly His Gin Leu lie Val Val Asp lie Gin Gly Val Gly Asp Leu 
145 150 155 160 

Tyr Thr Asp Pro Gin He His Thr Glu Thr Gly Thr Asp Phe Gly Asp 
165 170 175 

Gly Asn Leu Gly Val Arg Gly Met Ala Leu Phe Phe Tyr Scr His Ala 
180 185 190 
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Cys Asn Arg lie Cys Glu Ser Met Giy Leu Ala Pro Phe Asp Leu Ser 
195 200 205 

Pro Arg Glu Arg A^p Ala Val Asn Gin Asn Thr Lys Leu Leu Gin Ser 
210 215 220 

Ala Lys Thr lie Leu Arg Gly Thr Glu Glu Lys Cys Gly Ser 

225 230 235 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 258 ammo acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: D. discoideum 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 16 : 



Asn Lys Trp lie 
1 

Phe Ala Glu Gly 
20 

Val Gly Thr Asp 
35 

Pro Pro lie Glu 
50 

Thi GliJi Leu Lys 
65 

Glu Ala Glu Gin 



Met Gin Met Val 
100 

Pro Pro Lys Lys 
115 



Arg Leu Ser Met 
5 

Ala Leu Arg Glu 



Glu Asn Tyr Pro 
40 

Met lie Ser Pro 
55 

Asn Gly Thr Lys 
70 

Gin Ala Ser Arg 
85 

Cys Arg Asp Trp 



lie Glu Phe Leu 
120 



Lys Leu Lys Val 
10 

Ala Tyr His Thr 
25 

Leu Gly Thr Thr 



lie Ser Lys Asn 
60 

Phe Val Leu Lys 
75 

Glu Leu Tyr Phe 
90 

Gly Asn Lys Phe 
105 

Met Ser Trp Val 



Glu Arg Lys Pro 
15 

Val Ser Leu Gly 
30 

Thr Lys Leu Phe 
45 

Asn Glu Ala Met 



Leu Tyr Lys Lys 
80 

Glu Asp Val Lys 
95 

Asn Gin Lys Lys 
110 

Val Glu Leu lie 
125 
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Asp Arg Scr Pi"o Sc:r Ser Asn Gly G.l n Pro lie Leu Cys Ser Tie Glu 
130 135 140 

Pro Leu Leu Val Gly Glu Phe Lys Lys Acn Asn Ser Asn Tyr Gly Ala 
145 150 155 160 

Val Leu Thr Asn Arg Ser Thr Pro Gin Ala Phe Ser His Phe Thr Tyr 
165 170 175 

Glu Leu Ser Asn Lys Gin Met lie Val Val Asp lie Gin Gly Val Asp 
180 185 190 

Asp Leu T^^r Thr Asp Pro Gin lie His Thr Pro Asp Gly Lys Gly Phe 

195 200 205 

Gly Leu Gly Asn Leu Gly Lys Ala Gly lie Asn Lys Phe lie Thr Thr 
210 215 220 

His Lys Cys Asn Ala Val Cys 7^1 a Leu Leu Asp Leu Asp Val Lys Leu 
225 230 235 240 

Gly Gly Val Leu Ser Gly Asn Asn Lys Lys Gin Leu Gin Gin Gly Thr 
245 250 255 

Met Val 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 212 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

{VI ) ORIGINAL SOURCE: 

(A) ORGANISM: D. discoideum 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Ala Gin Trp Thr Cys Thr Ala Thr Leu Val Lys Val Glu Pro Val Pro 
15 10 15 

Phe Ala Glu Gly A i a Phe Arg Lys Ala Tyr His Thr Leu Asp Leu Ser 
20 25 30 



BNSDOCID . WO _ _ 9009199A2J 



wo 99/09199 



PCT/US98/17272 



Lys Ser Gly Ala Ser Giy Arg Tyr Val Ser Lyr, lie Gly Lys Lys Pro 
35 40 45 

Thr Pro Arg Pro Ser Tyr Phe Glu Asp Val Lys Ket Gin Met lie Ala 
50 55 60 

Lys Lys Trp Ala Asp Lys Tyr Asn Ser Phe Lys Pro Pro Lys Lys lie 
65 70 7 5 80 

Glu Phe Leu Gin Ser Cys Val Leu Glu Phe Val Asp Arg Thr Ser Ser 
85 90 95 

Asp Leu lie Cys Gly Ala Glu Pro Tyr Val Glu Gly Gin Tyr Arg Lys 
100 105 110 

Tyr Asn Asn Asn Ser Gly Phe Val Ser Asn Asp Glu Arg Asn Thr Pro 
115 120 125 

Gin Ser Phe Ser His Phe Thr Tyr Glu His Ser Asn His Gin Leu Leu 
130 135 140 

lie lie Asp lie Gin Gly Val Gly Asp His Tyr Thr Asp Pro Gin lie 
145 150 155 160 

His Thr Tyr Asp Gly Val Gly Phe Gly lie Gly Asn Leu Gly Gin Lys 
165 170 175 

Gly Phe Glu Lys Phe Leu Asp Thr His Lys Cys Asn Ala lie Cys Gin 
180 185 190 

Tyr Leu Asn Leu Gin Ser lie Asn Pro Lys Ser Glu Lys Ser Asp Cys 
195 200 205 

Gly Thr Val Pro 
210 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 3 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: C. elegans 
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fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Lys Gin Trp Thr Glu Asp lie Val Ar.p Val Arg Leu His Pro Asp Ser 
15 10 15 

Phe Ala Arg Gly Ala Met Arg Glu Cys Tyr Arg Leu Lys Lys Cys Ser 
20 25 30 

L^'s His Gly Thr Ser Gin Asp Trp Ser Ser Asn Tyr Val Ala Lys Arg 
35 40 45 

Tyr lie Cys Gin Val Asp Arg Arg Val Leu Phe Asp Asp Val Arg Leu 
50 55 60 

Gin Met Asp Ala Lys Leu Trp Ala Glu Glu Tyr Asn Arg Tyr Asn Pro 
6 5 7 0 7 5 80 

Pro Lys Lys lie Asp lie Val Gin Met Cys Val lie Glu Met lie Asp 
85 90 95 

Val Lys Gly Ser Pro Leu Tyr His Leu Glu His Phe lie Glu Gly Lys 
100 105 110 

Tyr lie Lys Tyr Asn Ser Asn Ser Gly Phe Val Ser Asn Ala Ala Arg 
115 120 125 

Leu Thr Pro Gin Ala Phe Ser His Phe Thr Phe Glu Arg Ser Gly His 
130 135 140 

Gin Met Met Val Val Asp lie Gin Gly Val Gly Asp Leu Tyr Thr Asp 
145 150 155 160 

Pro Gin lie His Thr Val Val Gly Thr Asp Tyr Gly Asp Gly Asn Leu 
165 170 175 

Gly Thr Arg Gly Met Ala Leu Phe Phe His Ser His Arg Cys Asn Asp 
180 185 190 

lie Cys Glu Thr Met Asp Leu Ser Asn Phe Glu Leu Ser Pro Pro Glu 
195 200 205 

lie Glu Ala Thr Glu Val Ala Met Glu Val Ala Ala Lys Gin Lys Lys 
210 215 220 

Ser Cys lie Val Pro Pro Thr Val Phe 
225 230 

[2) INFORMATION FOR SEQ ID NO : 1 9 : 

(i) SEQUENCE CHAJ?ACTERISTICS : 
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(A) LENGTH: 2 5 base pairs 

(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide Primer D" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 9 : 
GGATTTGGAC TGGACAAGAA CCCCC 2 5 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Arg Lys Lys Phe Gly Glu Ser Glu Lys Thr Lys Thr Lys Glu Phe Leu 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
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(xi.) SEQUENCE DESCRIPTION: SEQ ID NO : 2 1 : 



Leu Thr Pro Gin Ala Phe Ser His Phe Thr Pho Glu Arg 
1 5 10 



(2) INFORMATIOr: FOR SEQ ID NO: 22: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Leu Ala Afjn Xaa T^^^r Tyr Glu Lys Ala Glu 
15 10 

(2) INFORMATION FOR SEQ ID NO:23: 

(j) SEQUENCE CHAI^CTERISTICS : 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY, linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotides" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
CANGCNTTNN NNCANTTNAC NTTNGANNG 2 9 

(2) INFORMATION FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1:6 base pairs 

(B) TYPE: nucleic acid 
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(C) STRATJDEDNESS : single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotides" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
TCNGCNTTNT CNTANTANTT NTTNGC 2 6 

(2) INFORMATION FOR SEQ ID NO : 2 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
{ D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotides" 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
TACAATCAGC TGATGACCAG AACGCTC 2 7 
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(j.j APPLlC/il<iT: Ryaz^inov, Alexey G. 

Pavtjr , Karen .y . 

(i±) TITLE OK IWVi!lN'rI0>3 ; RLr;NOATrO>'J t'AC'VOR ^ KIWABE (EF-2 KINASE) 
At-ID METtlODG O?' UI^E THEREFOR 

MTWBER OP SEQUENCES: 25 

(iv) COT^JVT^if^PCiiaiiENCE ^JDDREI^S : 

|Ts> STREET r ^11 t]ackerjEac)c /Lve. Contineiitd;! PlAitw, 4b^ 

ID CITY: ]]ac>:€!nssck 

[D) &TATR; Nkw slft^fifiy 

IQ) COUNTRY: UiiA 

IF) 7.XP' D7601 

<;v) COMI'l^TRR fiEJiDJiDIjE FORM: 

fA) MEDIUM TYi^b: PlOfppy disV 

[if!? riOMPTlTER: IDM PC C^ip^S 1 1 lol e 

I C) OPZHATINrj iiirS'yjSM: PLJ-IX>£=:/M£^ -LiO^ 

\Xi) !>C>PTWAR^: Patent In Release V&raion 4I1.30 

(vij OlIRREMT APPL.ICATIQW DATA: 

tA) Air^PLTCJiTION HUWBEJt: US 

ra) FILING rVA'J'K: 

( C ) CLASS J FI CATIQM : 

[tj 1 j n ) ATTOHMEY /J^GENT IN lyUKPOA'ri Oh? : 

(A) NAHIS: kTr-i<:kt:t>jX Eaq . . Davld A. 
{P.] RDGISTRATICHfl NUPIBEK : 

(C) REFBRliWCTD/rJOCIKF.T NUMBER ^ COJ.-I-OTft 

[ix) TELECC(WJNiCATTOW T WTFOSIMATION : 
(Al TELJ2PI[0Nir : 2Ql- 4y7 55iOU 



(2) IHFOPJ1ATION 3BQ WO .• :l. • 

(A) LENGTH: 2L"??i base pair?. 

i C ) STTJU'TDEDNEGfJ : ClOllbl e 
(D) TOt^JL/XtY; l.LjietAjT- 
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(vi> OT^fTC-aNAL. SOURCE: 

/^'RQT^ENC'E DECCRIPTION: [iGO ID NO: I: 

AiVoCA-i^ACO ^!|A<■^^L<::f:TCAT cttcc-gcctg Gj"i7iGGTCTTa ATt^c3c:GG;c:rA nTfjnofjnry^a 

l^C'ir^GCCAUK:'' ATHGTtiATTC TGJiTOEGG/iC AGCGTiCG/lTG /LGGTiJlGCTTA CTTdJ^TCTan 

CCVAlt:^».Cn<^ ATGiACCC/kAG CTCGAACCAJK AATGTOjJiTT CCATiGGTTAA TATtGTACrAC 

AOCiAACJCTAA CTiJiAAftGlX^ OCCai'A'I'A^IC M'CCft«<.TGijUT CCCCCIGCAAA CTCCTTCCAC 

TI CJiJ^47\J\G CCTGGAA'oClA OlX^AATCOO AAOCCOAAUC ACATGCL'CGA CCCCTGGGCT 

GAr-iTTnCACC TGG/kArJATA'l" TCC^ACOIIAA (IX^TCCXACIVL'' GA<JACAGGTA CAACGCCGTC 

AOdftiliaGJiAT GGCTCGftTUlA TrjAA^^JIT'CTC ATCAA<:5A'it?G CATL'TCAGCL" CTTCG<3CC<3A 

G^GCAXiTGA GGGAGlX^CTT- flCCCIACGAAC^ AJ^r^CTCITCfCA ACTri-OrTGCA 'J<:5CCCAGCAG 

TOST-lTiGGGCG CCTCCAACiTA nGT"C"JHrrC»JSLn nWCTTAflATrX^ ^(^CinCCTAOA CCOnOATY^Td 

TACTTTGAGG AOt^TOO^TrT ACAGJlT-GGTVG GCCAAGCTCT GOfiGr-SClArX^ft QTATAJiTCGG 

CACAAKCCCU CCA>i.Cir!AKGT GGACTlTCATG CT^lGATGTGCA TCTiTCGAGCT G^iAGGACAGA 

CCGGOCAAOC rJCCTCTTCCA OCTGGAGCAC TACATCGAGG GCAAGTTlCAT CAAGTACAAC 

TflCAACrflTG HC.TTTGTCCG U^IX^ACAAC A1^:JL;GA/CI'GA CGCOGCAGGC CTD'CAGOCA*: 

TTC!AnTTTTC^ AGCGTTCCXSy CCA'jnCAOCrC ATATJ'lXiC^l'CSG ACA'i'CCA<JGG AG'JTGC^GA'r 

CTC.TAC.'ACTO AcccACAGAT ccACJ^r.cv^j^i^ AOfic^co^ci'j^.^ Aej"r'i>:>.iA<?A coccaac:cta 

GGTOTCirGCG G<3ATGGOC^G'r -r.!TT<TTTCTRO TT.ITCATCCCT GCAACOGCAT TTCCCA^^AOr: 

ATOGGCCTTC CTCCCTTiHUA riCKITCCdCC rJCCCAGAGC^ ATOCAGTGAA 'IHTAGAACACC 

AAflCTOCTCC TiJiTCAGCCAA ^ACCIATCTTX^ RCACSCAACAC A<15i:JAAAAA1H3 TCGGAOCCrje 

CGJlGT/'J^iGGA CCCTC'l'CITC^*^ GAT-iCCGGCCA CCCC.TQCTTC.C CfVanClCirTTC AHAOAACTCT 

GS,AG7!.CG7iGA ACAl^GA^ICGA CGTGACCTTC GACTCTCTCr CTT^.TTiT^ncr ATOTTCOC3CC 



2^0 
3DD 

6no 

730 

•yyo 

1020 
1200 
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tiCUkCCUiC.hCJh GCC74G/l7iGCT /lG^iCCACCTC CTiTTGfjCCArt TirVI"! i/AUTSfl rcTCGATJUfjC \P.i^C> 

ATGGC/iTCCJb G/sG/iCCATGA TCATCTAs-AC TlA CCA CCGC-ift A.<"^Tnic:i;i:Cf/.>i, 'J'/j. GTGGGGAC 1220 

?iiGCG*-^7lTACC rCi^iGTG/iGAA GCGGGGTGAG CTGGATGACC rfPr^AOfXICCC A^AACATOGC 13Q0 

."ACTVIATACA GTAJlTCGSJiA GTACGTlGTCT GJlCGAAGACJl GCCITTiSCCC/lli <_TCrGGACGG 1440 

GTATCTGTAG /vGA/iGTOSAA TCTCCTXL^AAC TCCTCCCGCC T^JCACCTOCf: OftOGCJCTTCG 15 DO 

GCCGrGGCX-L" TGGAftG'J'OL-A A.aLO'_^C'rJ'Afl.'i" GL-l^TGGACC TTGT-Li^LAJiG/LA AtTCCHCjAAO 156 0- 

i^ccAiTTirxj CKJAATiCiTfinTSi T^Tv^f^f^^JiT^ OTCjccrJ'/'AOC a-lxjagji^gtxsg GCGCTTnrtr i^-^^o 

GA<:5AEi'oGG<Jj(^ AC^GAC^TWIfia r.!^A.-:tnftr^TCf^ ^^CTX^C'Tl'CC ACCIV^GAGCA CGCAGCOAftr il^HO 

CTGGGCGAliiC 'JV^GArtJCJCOAT ^!^:T^:^f:l^:^C^!TfJ Orj AC*!' IlIA'K^T ACTCGL'AGTT GCCTCATfyiO 1740 

ATCCTAGCCG ATG'l'Lll^/n IT' A.;iO^<^>».C!^. CAAG^'.^JAACA AAAC'.AAAGG ATTTtSATT^AC ■|^^CJ^> 

riAL'l'AAA'^G Ol:!CC*Tf^AArdrr TGGCl^iACrJiHG flAGTCiriftTOh 'ISLYJ'I-AGTGGC GCGAGCTTTT IftfiO 

nA<"!TiTrnf4^if-' Af-i^^CCTC/LG CCCX5GACAGG TGCCAJlGAC.'T GC^nT^X^iaOOi;! OL'TGCACTCG 1P2Q 

TArX.A<yiCT« CCCTGGAGAT GflCGGACTGr GATGAGGGCG GT^^CTTACyPUK OriflftATCCAG 1^15 0 

GAfrnV^nrcr raTACATGAT GCTGCCCAGG GAGGCAGAGA rGCTtlTTCAC: Arir^AC50CJ'AC a04D 

nWCTOfilAr^A ACJGACCCGCA GAGATCAGGG G/iCTTGTATA CCCT'iGGCAGf: ACmGCCIAGCU i^lUU 

ATOnAAf-JCSTiA TG^L^iGGGCCG ACTGGCCAftC CAGTACTACC AAAAGGCTGA AjaAG«f!f7IV3C1 2"} *>0 

GCCCAGATGG J\GGAArAA 217fl 
[2i IMFORMATICXM lOOR !40 ! ; 

(A^ LiGNGT[l: 72 S> amino acids 
(B? ■J'YPE : rtnii.jjo Aoii'i 
[ C ) STR/iMDKDNEB S : singl e 
[D) 'J'CMOJ.CXTY : linear 

(ii) M01,ECUT-R TYPE: protein 

I i i. i ] POTHETI CAL. : MO 

(vl) ORIGINTUu. SOURCE: 
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Lxi) G-EQUENCE DESCllIPTKJN : GEO XD 15)0:2: 

Met Al5 Asp iJLu Asp L^u Lie Fhe Arg L*u Glu Gly Val A^^i? cn y 01 y 
1 5 in L5 

Gin CfeDf Pdto ADrg Ala Gly Hie AE-p Gly ?ib:p Sftr At^jj C-J.l.y A.';p 8or Asp 
20 ju 

A::fj Ciiii nlu GLy Tyi* Phfe lie eye Pr-o T^k Thr A!>p Arsp I'ro i^er Ser 
'3b 40 15 

Asn Gin Aen Val Asn i!er Liys Val ABn Lye xyr Tyr Sfei" A.'ui I.rtti? Thr 
BO R5 

T.-yv: f5nT- Hlii Ar<f TVic S^i" -Ser Set* Giy Pin AT Abr Ser Phe His 

65 70 75 BO 

k^h© L/s i:^l\J ALu Tii? Lyti Hii; Tlr: Oln Lysi Ala iys Hlb Met Pro 

f^b DO 9n 

Tiep Pro Trp Ala Glu Fhc His beti Glu Asp lie Ala Th^ Glu Ai-^ Ai» 
100 IOr> iLO 

'i'hr Arq B^:: Axxj Tyi^ At;rj Ala Vai Thr my 01 Trf> Lew >Lgp Aap <^1kx 
115 i;il) 135 

Vsl Leu iLc Lvr^ Mr:^- ^-^^ f^^-T" Oln "pro l*hc 01 y Arc[ <Jly ALa Met Arg 
ISO 135 l-ID 

Glu CyB PhB A.rq ThT- T.y.'.; T.yn; l.nv i>cr Abu i>he Leu Hie Ala Glii Gin 
.1.4 15D 155 ir>0 

T^l> Lyfv Gly Ala Ser Asn Tyr Val Ala Ziys Arg Tyr lie Glu Pxi-a Val 

IVD 175 

ABp Axg A&p Vzil Tyi- Ph*- fllv Ar?p Arp Leu Gin Wet Glu Ala Lya 

100 IBS 1^0 

Ijf.ti Tjfp Gly Glu Glu Tyx Aen Arg Hie LyB Pro Pro Lye Gin Val Aj^p 
195 iOQ 

J It- tAttt. <41ii Met Cys lie lie Glu Leu Lyr: j2!i/;|> Axxj Pi.i^ f^.l y l.y:; T'j?q 
310 ;^I5 2J0 

Leu Phe His Lev Ol u Hi.;; Tyj Vic OL\i r^ly Lye. 'iVr lie Lys Tyr Aan 
S!2r> 230 23S 240 

fltti: AiiU fitr Gly Phe Val Arg Aep Aep ABn lie Arg Leu Thr Piro Gin 
24rs yr.cy 2bb 

Alr^ )»hc i5<-.T; Hie Phe Thr Pbe Glu Aj/l^ .<^rti:- y Wn.-.; 01 Ti l.cu ric Val 
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2iSS 270 

V^l Asp lie 01 J] C].y Vr<l Cly Asp Leu Tyr Tin. Atjp I^slo GIji il© Kie 

2T5 2SD iiBS 

Thr Glu rbr Cly Thr 7t£fp Phe Gly hi-.y aiy A:>ii LiO\i <^ly val Arg Gly 

290 30D 

Met Mo T.L-u r^h*- TyT ??e-T- Hj-j Aid cys Asn Arg lie cy« Oil? ftni- 

305 JIU 31.^ 32D 

Wet HJly iXTiU Vro I'hc Asp lie\i t;er Pro Aiic^ Glu Ajfy A:;t^ Aln: Val 

325 .1:^0 335 

Aan Gin Aen Thr Ijys lieu Le\] Gin G&r AJ?a T-y--: Thr 11^ ij^u Arri Gly 

f.^^ 2n;r? 

Thr Clu Glv I.yr? rv.= <^"ly Scar Pro An? Val Ars Tbr Jjeu fiex my ^l-l- 

36D J65 

Jiig Pi-c pjCD Leu lifeii Arg Pro Leii [ier C-^Ji^ A; in b^cr Cly Asp Glu Aen 

■37(1 :^7r, 3aD 

Mtrl: Attj-j Val Tbi^ Phe /Lsp Ssr Ptt;i 5 r.-.v Bcr Pro £5er .S&r Ala 

JS5 "S^CJ 3iJ5 4C>0 

Tlir Pro His i^'OX' 01 n l.y.'.; l.c-iv A-r^p Hie L-Eti His Trp Pro Val Phs Sar- 

405 110 41'=. 

Afsp lj<£iu Aep /isn Met Ala Ser Arg Asp llie: Atp Hl.rs L«ij Ann His 

4a<^ 430 

•niij ^t^j- Glu A£j:il GfeX Gly AiJp S^^r C^l y Tyi" Vi-cy ^or Olu Lr/S Arrj 

435 '^^CJ ^45 

CJly C1\K Ldv A=;p Pjr<r:. Glu Pj\> Ri tlj 01 v H.i..9 01 y Hi a Ser Tyr Ger 

^50 45b 

A/jn Arg Lys Tyr Glu Ser Asp GLu Aep Gex Leu Gly S^-r K<=ii' f^.l.y Ar;^ 

465 470 475 48D 

Val cys Val Olu LyiJ TV7> Al;ti Ijzw hew Asn iior Ser Arg L*u His leu 

4D5 ^DD 

Pdtd Arg Ala Ser Ala Vsil Ala Leu Glu VaL Gin Arcf Lieu Aoii Al« Le-u 

J>DO ^Qfi 510 

Ai:p Lifc^u CJlu Lye Lys lie Gly Lys Cer lie Leu Giy Lyi^ V«I K.i.r. T.cai 

bib 020 5:J5 

Ala Met V5tl ArcT Tyr K.in CUm axy r>.ly Atct r>>ir: c^iJlu l.yfl Gly Glu 
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b30 .^"^ri 540 

Glu 'J'rp P.:^p rjl II flJ n AJ.w T'>ic: hiis J-^u Glu His P/la hla 7\£in 

5dS 550 55S 

Le-u Gly Glu Leu GLu -<U.a lie vai GLy Leu Gly L&u Net Tyir K<^i- H.i.ti 

5&5 r:,'}C\ 575 

Lt^u Pro ]J±fi []iB lie Ij^m ALa Aap Val Seic Lreu Lyft fiiu THtt- CMv CJln 
r>Bn r,pc5 si^D 

AM J^y» ThT 1-yf: Gly PUft Ar:p Tyj- Ij^lh 1^.x> hyr- Alfi Als Ala Gly 

SS5 fcUO 605 

Aep Arg Gin i5er r^^: Lie Val Ala Rrg Ala Phe At-p Ser GLy ClLn 

flO CIS k3<j 

Ar>n T.r-v PJ>o Asp /irg Cye Gin Aep Trp LKtu c^Iu AT .^i l.ou l^rp 

625 t^30 tJS 640 

'J'yr AE^n 'J'hT- A>.« Li-u f^Iu M^L Tlar Airfi r?yr? Ar;.Ti d xi 01 y iJly Glu ryr 
«>4^ 650 CfifS 

Aep <5ly Met Gin A&p <^lui t^ro Arg 'JVr Met Met ijeu Ala Arg GLu Ala 
£f^o GCS ^'^O 

Clu Vict T>-ii Pl^e Tl^r Gly Gly Tyr Gly Lfeu Glu IjyiJ AiJp Pi:x> niif fi-rcr 
67i^ fr^ft'^ 6^tb 

tSea- Gly Asp Lt-^u^ Tyrr Thir Gin AIa A.L« u A.l.,^ w*?!;. rJ^^^ Ala Met 

G90 6Sb 7P0 

Ly.'j Gly Ar-g Leu Al^i Asn 01 n 'i'yr Tyr Gin Lye Ala Glu GLu Ala Trp 
VOb 71D 7irj 77iO 

Ala OlTi Mi^l. <^iu Glu 

(2) Il^FORMATIOK K^R GRQ ID »0 f i : 

(A) IxENGTH: bc^go psirs 

TVPE : iiu-cleic aci-d 
(C) STRAHDt5t>NBfiiS 1 rJcaiblc. 
<I>1 TOPOliOGY: linear 

Ui? MC^LECTTT.K TYPE: cIWV 

iiii) KYPOTKRT-rCAL: NO 

(vJ.) ORIC-JIMAL SOURCE: 



BNSDOCID <WO 9909199A2Ti 



wo 99/WI9g 




lA) OPGAWrSM: r-^ue rrraeculuc 

ixL] SEQUEr-^CJD Illi.^Cyil'J'ION; SJSg il> NO : 3 : 

ATGGCAGACG AALVlC'I^TKLP-T OTTTTCCOTC GAAG-irryTTG ?lCGGTGGCAG GTGCJTrCJCnjfti. 6f> 

GCTGGCCACA ATCCGGAC'IX.I TCALVICAGAC /i/iTGACG^iTG ATGJ\GGGCTJi TTTV^ATX-.TGO I.^^O 

CCCATCACTG ATOAC'JACA'^' iriM'CAZk'l'CAO AATGTCAGCT CC/Jj-J^iGTCCTl GAGCTACTAT JftO 

TsGC AftCCTAfl CAAAAACAC^A f ITT^nO^CTrC^C: Ail^^CC^JTCAC CAmCCAGCTC CTTCCACTTC 2d0 

/lAGGAAUCC'r <JUAACC>^TnC HftTmAriAAA CC:CAA.0CACA 'li^Ct^JXiACCC CTGOSCTG;^i/i 20 o 

TI'CCATOJ'CG aCOACATHOC CJ^CIT^GT^JxCJIT aC.Tlu.<'lTCtCCf:. ^^OArjC^rACAA <:riCTGTCACC 36 o 

C^:.^|JGAA'1'^>CC 'TH AftGALlGA GGJTCTCATC AAGiiL^'r^nOTr CTC^OClCC-rT OJGCCGT3GA 42 0 

GCAAT-i^AC^ilir. ArjTvlCTTr-AG GT-iCGAJStGAAA C.'TCTCflftACT T^TTv^r^ACXjC OCACi;CAATGt^ 49 0 

AAOOC'iCCOCIT nOAACTACGT GGCCAAGCGC TJiCATCGAC-SC: CT^fiT-OaATlAfl <^A£>£X1Tk?TA0 b4 0 

TTTf^fJGATG TGC/iGCTCCA GA'J\?GAQGCG AAGCTCTOOG C5GGAGG7VTT7^ CA^lTCGGCACJ fiOf) 

?kAGCCCCrC;^i AGCAGk^TUCA VA'tTtAT'C^fJAC! A'lt3'J^!>.C:ATrjA TTGAGLTAAA GGACAGACCA 660 

GGCC/lGCCCC TCTTC'JACTJ' CCAOOCTAC ATfC^AGGOCA AGTACATCAA GTACAATTCC 7 20 

AACTCAGGCT TTGTCCG'llCiA 'IXIACAACATC CGAOTAAOCC OACA^^GCVrr CAGCCATTTC 7 00 

ACJJtTTTGAGC GTTCTGGlVA KtACCTOATT CTAGTUCACA TL'CA<iyGTGT GGGTGACCTT B4 0 

TATACCGACC CAUAJSATCCA ('rAC!TnA<^AAA RGCAOT-GAklT' TTCCJlCJATPC TAACCiTGCr yOO 

GrcCGGQGAA 'l>-J<JOT^:!Tr:TT r-TTCTACTCT CATOCr*T\^r!ft AnmPlftT^Ta TCA;CAGr!A'J<J 96 0 

GGCCTTACGC C<lTT'F>:"^ArCT CTCCCC/iCGG GWiCAGflATG nGGTHAATCA OArSHACiC^AOC 1.020 

CTATTGUAA-J* CAOCCAJStGAC C/fcTCTTGJ^^G GGGACAGAGG AGAAGTOTGf? nAnTf^JPOCSCI XGftO 

A.l'AArJGACAC TCTCrrAGCAG CCGGCCCCCT TTGCrcnTTC: GOf.TGTfZAGA OAAmXICGOC? i:MO 

GA'ri:?AC4A:ftCJ'. T^ATTTGACGT GACCTTTGAC TCTCTGCCTT CCTCCCCGTC TTnAlC^nTAnA l^fJO 

<?<:iACAr:Af<CJfI ACiATsJiCaGCA L'CACCT^JKTAT TGGC^/lGTGT TTGGTGACCT CGAT/kACATG 1260 

GGCCfrrAGAG ACC/lTGACCU TAMrilGACAA'l' LTACX^GliGACT CTKAGAATAU TGGGGACAGT 

OGGTATCCTLTi GCGAGAA<JW AA^rrr^AOCITC CATCATWrU AOUCL:CGA<2iA ACAOGUCCAC 
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TCCj^ncCGCA AOL'rjpJirjCKl?^ 'KJ?\.2l'TCTC/!.c:! 
n^TGTG-GAGA OiJTG'zi/^qCC'T CiJT'«:"'AAT'i"'CC 

GixsGc-ccTA^:? AAOi^iLjL'iOo:! oi::T'^..A».T>rir^c; 



GAUCA'J-ACaCC- TCGGCAGCrC T^fiftCV-jnOTC 1*^40 

'j'CCO::;ccTGC AOVTGCCGAG Gcccrnnr^nc! i.'^CjO 

OTGOACCTIXS GAAGGAATiAT GGSGGAAGTflT ^ r>f>f\ 

0Tri"l'O(^0<St^ AAfm"jCATTT ^GrCATGOTCl CaaTAiXlAC^ AtJ^lGCOJGUeXS CTTCTGCGAG 1620 

^!.^Lrlf^jaLT^■^6WJ agtgc-;g7\tcg agagtcagcc ATcncoaTr: Twmc4CATtjci A<^C'i\sftccTG i6bo 

GG7!.G7\7!.CTGG AGGCCATV^^^r 'JGGCL'TAGGC CTCATGTTSCT CTCJiGCTGCfJ r?r.'ACC» CM'C 174U 

rTTX-iGCTt^tTG TCTCTCT.SAA GGAGACAGAG GAG/i7iCA^GA Cii/lAJ-tOarTTT TOATTAC^^rA 15*UU 

CTOAftWCWI r^AGJVAGCTGG TGACAGGC/iT TCCA7^T»TrT TAif^Tnc?$(;!CC?C ACC'rjT'lXSAt: 1860 

A(7VGW.V.r<4A ^CCI'CJitGCCC 7iGAC7LGGTGT CTkAGACTGOT rW«A?Si>3r!CTT COAC*J<::-GTAC lf?2f0 

Z5AC:ACA4:^'CCC Ttl-IG/lG/bCAAC AGACTGCGAT GAAC5SCGGGG MTJiCGaTT*^ nATftC^^fJOAC 

GAGCCCCAGT ACGCAC'lCli'.r Ol.1CC».CCXi>Uj OCG^^A<JATX3C TGCTCACCGG GGGTVTTTOT-iA :^04n 

C'iriGACAA<;^A ACC<XIC?iAAn ATrrA0<OA<^AT TTOT>iC!ftCCC AOOCAC5C"nC5A GGCAGCAATG 21 DO 

GAArJtVA'K^A ^.0CCCQC4CV AGCCJk^.CJlG TJ5!ir7r*.f!OAOA ACSOCCJC^AAlCiA GtJCCJViGGCC 216 0 

CAGATGGAG«^ AATAA 2175 

{2} rWf<OK>lA'^IO>T FOR SEO ID NO : 4 ? 

(.1) J>T^OT]KiICE CHARACTER r STICS : 

{B> TYPE: amino scicl 

10) 5TTiAWr>EDNESS: tilni^ift 

(D) TOPOLDGT^ ; linear 

(li) WOOjECUL-E TYPK; protoin 

f.M.J] HYPCyJHETlCTVL: NO 

(Vlj ORIGINAL. SCOJl^C-h;; 

(A) ORWMrSM: MUE ^a1iCCJU-Lu^^ 



(X3) iSEQUENCE PECCRIPTION: GEO TD NO : 4 : 

r*4el: Ala /lep Glu Aep i^ou ile fc'he Cys Leo;* Glu Gly val 7iep Gly Gly 

1 3 10 1^- 

Ar9 <^V'.5 *><^r' Aixr Ala Gly 1[±S /^sn /lla AL:p J5t^j: Aup Tkur Ar-.p fft-r A9p 
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20 2S 

AEp Asp Cli.l C)y T^/r P))r Tin A^^O I L £r Thr /lefj Ak:]> Hi.ti M^t ^iCU 

35 J\0 4^ 

/lE-n Gin Aen Val S^r iJer Lys VaI Gin Ger Tyj ^yi- &cr abji L»eu> llir 
r.O 60 

T.yr; Thr- «i u Cy£i Gly Ser Tiir 0\y ^Ic-t- I'ro Ala i3er GeDf Phfi ]]ie Pile 
b5 VO 75 ftO 

Liys Glu Ala Trp J^ys^ Hir? Ala lie GLu LyB Ala Lyf; HI.'J W*rL Ptt^ Asp 
85 9n y5 

PiD Trp 7Lla Glu Phe His Leu Glu Atip lift AJ w T>iv 01 u fiis Ala Thr 
inn lO'ri' 110 

Ar'rt Ar-L] Tyr AfiA Ala Val TJii- Gly CUi Trp L^eu Lye Asp GLu Val 

115 I^O I2n 

Lfu lie Jjya flet AIj Scr Oln Pro i:=h& GLy Mrg Gly AIa MftL ftrxq Qi^i 
130 L3S L40 

CJyt^ Phie Arg Thr L-ys Lye Leu S^r Aan PJxr^ L^.u >1i-.; AT Cln i^ln 'IVP 

iFiO X^b^ 160 

Lys: OHy AH Axja Tyr V<il J.yr. T^jx^ lyr lie ^islxi Pro Val Aep 

170 I7n 

Arg 5er Val Tyr Phc CLv; Asp Val Gin Leu Gin Met Glu Ala Lye Leu 
IRQ LRr> i50 

I'rp (Sly ClTu A/;p Tyr Aen Arg Hie Lyfr Pj;i> Pth T.y-; Oln V?^! Agp He 
1Z>5 ;>Q0 205 

Mot Gin Wet fly:: I l^t 11^ Glu Ltiu Iiyii A^p Atxj L'ro Oly Uln Pro Leu 
21D 21i> 23D 

Phe His Leu GLu 'iyr :fnc CTu Oly Lys Tyr lie Lye Tyr Asn Ser 

230 •;>40 

A!.;n Gly Plie Val Arg Asp Aep Aei:i lift Af L) Thi rrr:^ Cln Aln 

24"^ aSO 25S 

Phe Ser HiB Fhe I'br Phc Clu Arc? ser Gly fcis Gin Leu lie Val Val 
2C0 2<S5 ^10 

At'p lie Gin Gly Val Gly A-ep Leu Tyr Thr Asp Pro Gin lie Hltt Thi- 
21S 2fiQ 

<A}.\i l.yi; Qiy Thr /iSp PJ-jC Gly 7isp Gly 7^sn Leu Gly V^i Aj.\3 a^y Mot 
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^-^-O 295 30fJ 

ai « Lk^ij Prje Ph6 Tyi: Ger []±£ 7ila Cyii Ji^-su ArL] 7 1*? CV.'^ Oln tcr Met- 

305 ."^JO 315 320 

Gly Lieu Thx I'ro r>ir: s^i^p t2cr I'ro Ar^ <^lu Gin ABp Ala Val Tian 
325 32D 

Gill ser Thr Arg L«-u L«u tain S?er Ala Lys Thv iLe Leu Ar^g fily TJir 
.^40 r^^Ti 3!?0 

Olu 0*1 VI ]-yrt CVS Giy Ser P-ro /-org Ajrt^ TJir- T^-i? flirtr Scr Scr Arg 
35ii ^tO 365 

PICO Pro Leu Ueu J^rai Arg L<rai Scr Asn Ser Gly Asp Glu J^en Met 
,^70 375 .^RO 

(5htT A«p Val xhr F'be Asp S&r IjBU Pi"d Ser Ser Pro Ber St^i" AIa tKi.' 

3»5 .^f^'^ 4UU 

Vro V!i r, R^£' Glu Lys Li&U 7sep ]Jie Leii ]]lef TriJ fxo V»L Plie. fHy A.:iT3 
A^*"* 410 415 

Len Asp Asr? Mr-L <^.l.y Pi.'L> Arg Afrf;j H.Im Asp Atl^ Mr.tt Ar.^p A«xi Hn& Ar^ 
420 425 ^30 

h:^p f>*--T.' fllu Aen G-er Gly Asp Ser Gly Tyr Pro Ser Glu Lys Arg Ser 
4j5b 44n 44'3 

Asp Leu Asp AST*f> P3:xj Hill Pr^f^ Ar"!;) <^iij H.i .-. my Tia fi*-T- t^H y A:>n 
dTiO 4bS 

A2Xf Ar<| Mis t;l\i Scr A.gp CJU\ A.gp Scr Lc\i Oly Sor Sor Cly Arg VrI 

jg^F^ -470 ^75 -300 

Cy:> "Vm I filu Thr Trp Aen Leu Leu Asn Pro Ser Ajrg L&u His Leu Pro 
-38^» 490 4fj[; 

Arg Pro Ser Ala V;i1 Aly Tir*i^ Gli> V^l Ci-l.Tj Arx^ J,cn' Arwj A.l l^yv Asp 
5D0 5DS 51D 

lihtij Gly ADrg Lys lie 01 y Lys ysr val Leu Gly Lys Val His Leu Ala 
SIS 520 r>2rj 

Mrrt. V.t3. Arcj Tyr ][is Glu Gly Gly Arj^ Phe Cys Glu Lye Asp Glu Glu 
530 ?^:^rj r>4n 

Trp Agp Arg <H1ij Ser AIa lie Plie I3i*i Lku Gin Hlfi Ala Ala AtSfj liHu 

r>4r> ^bl) bbb 56U 

niy nio Leu Glu Ala ILb Val Gly l^m Gly Leu t-let lyi-" '^In l^e^ 
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i=-rci Vl-ir; Hl^J Il£r L^U 

L.y& l-hr f'Vr, CJIy PJie 

Arg 31is L:er Met- Il.c 

.^Jct Py^> AYy 

Aeii Ala JjCH C"jv 

^^.ly 3i€: Gin ABp Glu 

Met L.r:" T-#MU T}ll* Gly 

Gly TLSp LrCOJt TVT 

01 y Ajcxj Leu Ala Asn 



-I [- 

TYla AEp VP.1 Ser L-eu "Lyti 

J*i-ap Tyr LifeU Lift- II J-y!; ft] ;j 

j.^ni v^n Aid. Arq Ala Phe 

eye Gin Asp Trp Ser Glti 

<>30 ^3-^ 

T'TiT- Tlir A:ifi Cy::, A:;p Oil? 

650 

Pro Oln 'JVr Ala Ldu l^eu 
GGS 

Gly Phe Gly Leu Aep Lys; 

«ln AIA AiA Ci Lu A:i.rt A.l.^ 

Oln Tyr Tyr OJai LyB Al5i 

71D 715 
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57 5 

aia Olu AlR <ily Asp 
605 

A&p yhr Gly Leu Jisn 
620 

Ai?± Iittii H-l Tj-p Tyr 
Gly tSly TyY Asp 

Ala Arr^ Glu Ala GLu 

7i£;n Pro Glil Aj-y Jit^r; 

Wt^K Rlv Met- Lyr? 

TOD 

Ulu IjIu Ala Trp Ala 
730 



(a) IIOFORMATrOM POX SPC> TfJ WO ; fi ^ 

li^ C>lARA<'.'TER3firiCS • 

(A) LENGTH: i4&5 bRB^ paira 
t,B) 'ITPF! ncKjieic acid 
(n] STRANDEDWKSi? : dCJTiblc 

( D) lOJ'OT.^'J Y : 1 Inea r 

{ii) MDLBCTJI.T? TYPE: cDNTb 

{iii) HYPOTHRTICAL: NO 

(vi) ORTnrJOAL SOURCE: 

(A) orCATJT -^^M r DicLyostfeliuim dl^icoide-Lii^i 



(Xi) itl^C:UF?TJr"E DESCRIPTION: SEQ ID NO : 5 : 
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ATHTTTAATA IX^'J.'J'iIi.GJ'iG /LTiAAG^LGA'oT iiTAAC^Al^Cn'A TAr^^ACCMT AftATGTT/LAT GO 

AGTCC/lC/u'iT CJ'iGTTCCATT GJiGTGG^i/kCJL ITGr.AATnAr! CATTr|f.TTAC ACCAAATTCA 120 

rr-TJkAATT-JTG TTT<:/!.CGTCA TlTGTCCATTC AAJiAAC-^TT-m HATf ITAOTAC 'J"n"J'TTAGTT IDO 

TCAAAGGCAG /fcGTTTGAT/iA TCACTT/WlG GATGACCJCAC aATTTTIJXTTT ArlftATlX^^CA 240 

GTGGAGAAAT TTGATCATCA ATTTViy^lTTA CACACACT^T TGATG^SCACA TTTTTftCTOAO iUO 

CAAATCGACiilJ ATCAA'ITAOA OA.'WlCAATG P^.rjGTCL^TAC GT/iJiTC/i TAG AGATAHTTTA .^bO 

OCcaCT^^AT'n TTCAaaonaA ATTr4riaTy^AA oocA'Vtcaaa aatutatggc ttttgctaaa 4 20 

Af^nCTTCJAAC: AAOAACAACA ACAATTT^nr AAAACATTAA 'l\rJl(."J'CAACA AATTCAAGAG 4 BO 

AACAAATCAA CCKITTCJkC.C TTTAf?TTAAA CidTXICTA'l'l'A G*J'<^UTGGTOG TGGTAGTGGT 540 

CCCCATti^ATT OTTTTilATOG nHCAAATATA TC:!AT'C)i,;^T<;'J' CAAC'J'AC^TAA ACAAGTlATTA 6G0 

•nAAOAAGAAr TAC/iATCATT 7iTC7s/iTT/iJySL ATGAAAAAAjTI AATTsT^A^jSyCtA ATTATCXXSAT 660 

GAJiCTATCAC AATVAATTAGA ACGTTCAACA GGTA/iTATAG ATATTTAAAAT AAAOAt^AATC /AO 

G/sJiGGTGAAG TTTiATGAAAA <aATTCATAAA CGTCAATTOG rCTCTACGAT CflACPflA'TTCA 780 

ATTGGAJiAGTi TrJiTVCAGATTC L-ATtX^GTTAT ACATTGGAGA GTTC/lATCAT TAJSLAAAGflTT" 0 

G7jJiG7iG7'ui7iG /iGJ-lAAAAGAA ATCUyAAL'M AATCAJlCrJC TCTTTGJVTTC TLAAGJbTTflJiLA 900 

TCCTT/lAAAG ATAAGA'rr/iA AA'J'CAl-l^GAA AC'i'CAACAAT TGGATACTTC ATCAGAGGTT 9C0 

AGAAAATTGA AAITACIAJ^J*^* TAOAAfTTAGT nCJAAATl'J'AA 'J^UCAC5GTCT TAATGGTACC 1D20 

'J'CTCOTAOAC rtTTflATCATC; TTCTCACTTT ATTf.'CATTJnT OTOT*TTCTTtC OCCrGd'AAC lOBO 

AA.TATC'AAC!A A^AATGAAAT CATGGAAGJJtG GTTAJLe!..AA^Jn TftGAAGAxllAJ^ ACTTCAAAAO 1L4 0 

AAAATIXXSTC A7!.GAGATTfiA TAATACAAAA HCTraAACTPCT riAAAjCCSTTGA ACCTTCCG'JT l^iOO 

AAACtATAATC <:?TA<1'TY:5AJiAT TGAAGGTTJa GAAAAAiT^TT OTAAOAATCA ATJCGA'i'AAA XAbO 

CIAAOAOAATA AGATC/iAJVCA AGTTOAGGAT GATTTCAAAA AGAifiTnATTC ATTACTTTTC 0 

TT'AATOCAJiA AT/iJ'lCCTCAA GAAATATAAT GA/LTXa^klTTG AT7vG7^iGAACG TGATCGTHAA >3ftfJ 

AGTGT'lACG'TJ T-GTiPiACrrCA A^JA'i'J'CTATC AAACCSTTTAG AACAAAATCA JPlAAG/lAA/iTC Id^D 

G7i7iGC-J^SAAA TTCAAGAACU ■J'AAT<^AACAA t^l"lt?AArJG'lX^ ITTTACGTtSA GGAAGCTTCTN ISOD 

ATCTCACCAA TTAjG'JTCACT ''f'CJCAAAATLJIA CUAA'J'CACAA C^JAAALX^TTC ATCGATTATT 15G0 
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TTRAATTOAH CIACCTjJ'lTG/lC TTC/iCJi/iCTiJi TC/bTCAPnaA ar^AT'jVJAAGA 'lX:TTXrTCTCA 

AlTTAGTGGTA CTACTAGTGT TAGTyrjl'ATA ;'Jti.TATTTCCT CTOAAAfJCr^C:! JX:.pj\P/iVQiJV 

ATTCTTTGGG AATTTGATrJC AAT-CtAVfAAC AAfllX5<i:ATTA GATTATCJSlAT nAftCilC'TftAAr^ 

GTAGAAAGAA AACXVlITTCC Af!AOnC^T<^f.!T <:rj'TAGA<^JC3G crT/lTC/iTAC Cf-JTTTCTATTn 

GGTGTTGGAft CCGATCJA^^-Jlft T^TATCCATTrA WTACAAUCA CCAAATTA7T CCC?iCCAATT 

GAAATGATTT CACCAATTTC AAAr-lAATAAT OXLOCCAA'ltJA CIVAATTGAA GAATGGTACA 

AAATTTGT'J'r 'J-CAAACTflTA f'J!.AAJiAr-KmA r-jHTOA ACIAACI AftGCJ'l'A^CAG AGAATTATAC 

l-iTCAAOATO TTAAAATGiCA liJ'iTGGTCTGT /iGAGATTGG^-^ GTAATAJtATl' CtAA'l\J^-AAAG 

AAAr.r^AnOAA A-G^l/iJl^lTTGA /iTTCCTTATG TCTI^GGTI-^ TAC-IAGTTAAT Oc:iWACA*JT:;'i' 

rrC.TTCTTOCA ATGGTCAftCC AA'i'AfJTJ'TU'l' 'ITJCATTGT'lAC CATTATTGGT T^'-JnTV^ATTC 

A£iJLZS.AGA?tTA ATTCAAATTA TGG'rGCAGTT '1'TAPi.C CA^TC GTTCA;^C^CC ALTAAc^nATTC 

T-OTCATTTCyi CCT/iTGAACr CTXJAAATAAA CAAAT-GJlTOS TTCTClGJiT'AT TMA^^HTY^TT 

f^ATnATCTTT ACACTGATCC TCAAATTCAT ACACCCGATC GTAAAGGATT TGnrnTT^flr 

AATCTTGGTA /^iGCAGGTA'l" r:.«iA'rAAA'r'lt.1 A'K'ACL'ACTL'' ACTiAATGrAA TGCTGTrTGT 

GCTCTTTTAG ATTTAGATi:?'!' TAA.P,TT"0nC4a' OCTCfJAC'I'AT CrGGAAJiTAA TAAGAAACAA 

CTTCAACAAG GTACTATCCiT TATVHr<-!AflAT ATTC'Tnc^CAn AACl-J'A'lX-SCC ATCTOATAAC 

ACCATTJi/iAG TGGGlTt'CtAJ^A AriAArTTTnOA AAA-i^C'TfJAAT TCTCAAA<:^AA AtSATClVAAA 

TGTGTTTiGCA CCAT'1>CAA3^0 T^TCrV^TnAA CGT<"JTT'AA.r,'T CO^^^OCfiTr CT'1"J^*J'AA'J' 

CTiAAAGTTAr TATCSW^TTTI^ TTATCGTOAT i^GTJlCCT'ATA C-lACnTTTf !CA TCTOAA'J'CAO 

AA'i"JXl$f3AAAV riTTTATACAC TOTC/iATtSGT CATAGAAAAT CAATTGAAAQ TATrX^Cn'TCT 

AATAf^TAATT ACATTTTCAC TTCATCAOCT CiATAACACCA TCi-iA/bGTTCA TATHATTCGT 

AnT-r^HTAACA CC/lT'J'lTGTAT AIJAOACA'J'XG t^l'TGGTCACA CTOGTGAJiGT TAATTOTGTC 

HTOr-jrCAATG J't/iAAATATCr TT'lXJ^.C^l'JX^'r Al^TTATGATA AAACTATCAA GGTTT-GGGAT 

TT-r-JTCAACCT TTAA/lGAAAT TAAATCAI'T'I* CjAG'.2t_=JTGTTC ATACAAAGTA CATTATiAACA 

TTflGCTTTTt^ GTGGACtSrrTA TCJTT'l'TAC'i' GC'lVKjTAAOO A'J'CAAATCAT TTACGTTTGG 

GATACTG7i7iA CACTTAGTilT a«7TTTT'r.!AAT ATx:ii::AACCTC ATOAA^iA'iTG tSGTACTCTCT 



1620 
IbbU 

:i74a 

1660 
JIUO 

24DO 

294 D 
300D 
3O60 
3120 
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rTTCAOrrGTA CCGCTTiGTTA TCTTTTCrCA ACCTCAAAAG ATAJsTGTCAT C^ftGATT^K^JC 31«U 

GATCTCTCAA ATTl'LWJ'JTG J'A'lOCziA'rACT CJ'jO>w«tA\^U'iV ATrL;GAATTC TGTCTCAA-T-Jr ":!:::! -IQ 

TTTTGTCGTAA A7!.G7lTCGTTA 'J'L'rA'J'ACAGT GGT'lV]Si:AAG ATA/LTTCTiAT CAJkJSiGTTTOn 

G?lTCTOSATA CACrTG?=LATU 'J'GTJ'i'ACACC A'JTCCAAAAT CTCATTCTTT OGGTCTAAAA 336n 

TCTTTAATCG Ti'T'i'CAA'J'AA. TCI^iA^TOATT TflTC^CTnCJ^J" 'iXlJGA'lX^urTC AATTA7ii\GTT 34 2 Q 

'IX^JUAATrJCO A^'/CO^AAJiTft ATCTTTGTAJi ATTTTTC-JT-TA AAAAA 3^65 
l.^Jh-aKMATTON FOR SEC ID NO: 6: 
(i) 6.J?C?T;T?Nr.'E OlTiPACTERIISTICS : 

<A} LBl'lGTH: 114 6 remind acids 
<PO TYPE: amii^o actd 
< C } STR ANilUUl^BiS G : -iTip 1 

<t:)^ TOPOijOGy: linear 

(li) MOLECULE TYPE: protc^in 

fill) nYPOTHETICALi t*0 

(vi) DPIGIWAL £i>UPCT^J 

fA) ORGANISM: Di ctyost ^liuTTi diBcoideum 



(XL I SDQI^TFl^Jf^E DESCRIPTION: :312Q ID NO : & : 

Mot. T>yti-. Ak2ji lie iye L>yB Arg Dya gLu Ser rL& !rtir Gly lie Pro Pro 
1 r> ID 

iLc ABD. Vr>1 Artii Ser Pxo Gin 5«r val Pdcd Leu S&r Gly fl^r Leu Gin 

211 sr. 30 

Sfir Pro lien lie Thr PTii A:jn flr^j; Pxi'j A::tJ Phir- Vm I fi-K}'- Artj nin Cy& 

3.^ 40 45 

ITD Ph?*. l.yf! Lys Phe Gly t-ys Ser Ser The Levi Vet I iiei Lye Al<a Glu 

t*h© Asp ASTt Hdt: Leu Lys ASE> Asp AlA Gin Ph«: lale Leu Gin Lftu Al>* 

C5 7^ i3D 

VaL Ly& r>>ie- At-sp Kifi Gin Phfi /i^ip Leu Hie TJir Gii^ Lhu Mrtl. AT r» 

«5 D5 

Mj.!; P>iHi Thr Glxi Gin wet GIu Asp C'ln i^u GIu Lys 'J'hr Wet Lys Val 

100 105 110 
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Val Ai-q A'=iTi Hirji T-lir Asp .Sc<r Lreu GLy Gly Aaj-i v*a.l Olji Thr Lys L-eu 

115 120 125 

7^&p Glu Gly lie Giu L.ys Cye htet Ai« Aln LyB liye Val Glu Glij 

L^o i..^r> tio 

aijj C^iji Gin Gli\ ijeu Ala Lyi^ Atx^ t^\i He l^hr Glii Gin lift nin (^Hxi 

IbO 15fS LbO 

■K.y;.^ ?.yji ^^.r Thr f^i^r; Pro I^cii. Val LyB Gly Gly lie ^Ki' rny Cly 

16i> 170 175 

Gly Gly £^er Gly Giy Asp Aap S£:r P]ie A.'jp GJy Al^i Apn lie i;er 56r 

lEf> i^i's ISO 

Mni. i^K^ TJir Sfer LyB Giii GJu I»^tu f.^]ji CLn Glu L^eu Gin [S-ei* Lieu .'^♦ti.- 
lyb :i!0o 

He Lys wet. Lys Ly& CIu Lreu "l^r gL\j Leu Ser Aup C^.lu Lr-v &c.r Gin 

21D 21S 2^0 

Lya Leu Glu Axg Sei Dir Gly Aej\ llf^ A'^f' Tic. T.yni lie Itys Axg lie 

22\> y^^O 235 240 

Oly 01 y ^lllii VAl A::a gj.u l.y!> Tlr- Asp Lys Arg Gin Le\i Val Ser rhr 

24b 250 Ct^^ 

He Asp Asp ^J-^r lie CMy Lys Lys Thr Aep 5€:r lie Gly Tyr Thu- T^.? 

2 G o y.r^7> ;^ 7 u 

f^i^j Ser Ser iLe Lie Lye Lye Val Glu Glu Ly-i u T.y/; l.y.s Ly& .Ser 

2V^i •-;:80 285 

Gl\i tJln >L9n GIti l^ti> Lw PJjri Asp .^J^r^r Lys lie Glu Ser Leu Lye Aep 
2DD 295 

ljy£i He Lye lie lie Glu Tlir Gin Gli'i Leu Ae?p Tlur £ejr J?k-i- cni> V^jl 

210 j^ilS 320 

Ary LyfJ Leu Lye Leu Glu £er TOr- firtr- fli*r- 01 y Ar;,n Met Ala Gly 

aS'; 330 335 

Le\i Ajgii G3y flh^r <^:iy Arq Pro tter i;er 5er His Phe lie Prij 

34Q 3>)5 .%&0 

Ser Seii Val 5er Alct Ala Ala Asn Asn He Atjn Lyc J^nx Gin llr. Met 

-^^n itb 

iJlik Vij]. Ijy?; liy?j filu ni.ii l.yr. T.cni CJLn Ly& Ly& He Arg Glu 

370 iVb 3DO 
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Glu ilc Ai-p TJ\/. Lyf^ Aia ilLij Tic-;\3 Scr L-ys. val Glu Arg Ger Val 

3DS 2?5 4 (lO 

Lys Asp Afln Ax"^ ?f:<^T- nDi? r^^- c:n\> rjly Lexi ulu Lye Aep cys Lyc 

-^05 dLQ 

Gil J Pl^e TLsp LyB GLn Asp Aan Lys 1L€ Lya Gin Vai rSTo Ar>p K^p Lcui 
4:;>o 4j7r. 430 

Lyr=. ^.y.'- i^^r Aiip Ser Lreu Leu Leu Leu M^tL nj rj Kr.ri Ar^n Lcn Ly& Lys 
43b 440 445 

Tyr Asn Vm'I A-ifi Ar.y mij AT-q Asp Ar^T t^lu tJer Glu J\3fg Leu 

dSD 45?. 460 

Lys Leu Gin Aep iJcr lie Lys Arg H?u Glu Glii Aen Gin Lye Lyfr 11 h 
46b no 47f> 4BCI 

<Jlll Alo f^liJ Ilt^ GIli G1\1 Gly Acn Giu Gin V;j l CI U Arg Val LEU Arg 
4WS 41?0 'ISE 

Glu Glu Ala Sox- :rnc. J^iriir T^ro TH^T eor iicr Val SPro Lys Ser Pro He 

ThT Till* Lye; Arg Ser E;er lie He Leu Asn Ser Pro Pro Met TJir S&ir 
SIS S2Q 

<^ln Gin 8Dr P»^r* Px.'o Lyti He Gin Jii^p Lesu Lt-u J^m- fi<-T- J>t?T GDy 

KAi- Ser Val Ser <51y He A3T} lie Sicr tiicx Olxi Thr Uly Glu Met Gly 
545 550 555 ES60 

He I-fCV Trt> Glu Phe Asp Pro He He Asn LyB Trp He Ar<j Leu Sear 
r^ftn .';7o C57'> 

M-&t Lys T'Cii LytJ Val Glu Ar<j Lys Pro Plxe Ala Glu Gly Alii L^u Aj^ 
SBU Pfir> b5>0 

Giu Ala Tyr Hi?, 'l-hr V^l &c?t- T.r;ru Civ V^il Cly 'J^hr App Glu Asn IVr 

60D 605 

t^ro Low ^^3y Thr Hir Thr iys Leu Phe Pro Pro He Glu Met He Ser 
610 fiir; 65^0 

Pro He Ser Lyr^ Ar:jj Aun Glu Ala Met Tlur flijj Leu Ly:; Aj-.n my TJia- 

b'iU 6 :^5 64 D 

l.yi; PJie Val Leu L.y& Lc-xi lyr Lv& I'Y:5 OIm Olw CIn Gin Ala Ser 

650 eS5 
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-f7- 

Ars 01 u LcTi T^r^T- T^Hl^ t>TiJ JVijp Vei l J.Y& M'T'-t. Gin Met Val Cys Arg Asp 
&B0 CCS r;7fi 

Trp sly 7ifin Lye Phe Asn Ciln Lys L»ye Pro Pro Lys liyu He Glu P>iPt 
t;7r. f>fiO 6$b 

Firtu Me=L Ger n-p V^hI Val Glu Leu lie 7iep Aix^ S^r Prx> flf*r A:>n 

bf^CJ fi^r> VOL! 

<?t:iy f-J.lji Paro rle Leii eye Ser lie Glu Pro Leu Leu V»J. ClJ.y Olu Ph^r 
705 7lO yi5 720 

Lys Ijys Asn Aen £Jcr A&n uyr Oly Alci Val Leu 'J'hr Asn Arg Cer Thr 
72S 730 7:^.'; 

prci <?tlii Ala P]\fi S&r Pbfe Tljr Tyr Glu Le\j fier A.^Jj\ Lyi; a.\.n MrtI-. 

740 VSO 

lie V^l V'V3l Ar:^! Jit- G.\y Vm.J A:;p Aiiji T.ma Asp b»ro Gin 

755 765 

lie His 'i'hr Pro Ar^^p y l-Y'^ Y T^^^c 01 y Iicu CJly Asn Lou (^ly Ijys 
770 775 IBO 

Ala civ T^lfc^ Atn Lyfi Pbe lie ThDf Thr ]Cis Ijya Cye Aei^ Ala Val Cys: 
785 V5>tl Vf^5 dOU 

Al^ Leu Leu Asp Leu A©p Vr^L hyD J.cu 01 y Cly V^^l Ijcu .Scr 01 y Asn 
Q05 DID 015 

AiyTi T-yi; Ly£i Gin hew Gin Gin Gly rhr Wet val Met Pro Asp He Leu 

^^0 G25 

I'ro CX\' T.rtu Wtit Pro Ger Asp Aan Thr lie Lye Val Gly Ala Lye Gin 
B3 5 R40 n^r. 

Leu Pro Lys Ala O'lu T>liht flrti Iiyt: Ly:i Ai;p Lt^u Lyrt Cy^; Vfil B*-./; Thir- 
pr>0 B55 «bD 

Jlr^ SeY Phe Arg Glu Arg Val Apt^ iJer He Ala Phe. Phe Aep Asn 

B65 BTO B'JS BRO 

Cln hys T^u Leu CVe; Ala Gly TyDf Gly Aep Gly Thi: Tyr ADrg Val Phe 

ef^O B9.f^ 

7isp Val Asn A&p Aj^ri Tt-ij l.yr. Cyi; ].<^ii Tyj TJj/ V.^1 Ai:/i niy H.I:; ArH 
900 1>D5 *JJO 

Lys ^^cr T.l.e^ Cilii Eea" He ALa CyB Aen 'Jex Asn I'yr He Phe Tbr Deir 
ni5 -^^o 92S 
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f^<jr- Pt ii Aiip Af2S) Trj^ lift L/ZJ VmI Ht s lie lie Arg S^r Gly Aku 

Lys C-Vf- f^^' T'hT- l.Ku V:il my H.is '^hr Gly Glu V£ii Ai:/i <''y--. V^jI 

p.-] 5 1?5U 9.f'>''> ?6D 

Val Ala Aen Glu iys Tyr Len Phe Str C.'yi^ fit-j- Tyr- Asp L-ys Thr He 
^CTj 

T.y:: V.-jX Trp TiSEJ lifevi Gfex Thr Phe X.y*; GTv lie Lye iZ^r Phe Glu Gly 

^&<3 5t£^5 990 

Veil His ITk)!- l.yr.; Tyr 1J<^ l.yj-. ThiT hovi Ala lje\i Ger Gly J\rq Tyr- ln^u 
995 lODO lOC^b 

PJifc Ser Gly Gly Asn Asp <^ln He He Tyir Vm. I Trp a-.j^ Thr Glu Thr 
lOlO 1.01 n 1D20 

Le\L Scr ML^t l.Mu PU^ Jktii^ Mfc^l. CJiij r^ly Hi:9 <i;lxi Asp Tjrp Val Leu Sear 

ID2S 103O 1035 :i040 

Leu His Cys Thr Ala J3cx 'A'yx Lc\i rhe Eier Thr Ger Lye Aep As3ij V»l 
1045 lOFiQ 1Q55 

11-fc Lye He Trp Asp Leu £5eT Asn Phe Sear Cy:; Tltt Asfi T>ir T.cu Ly.g 
10r>Q .ID^^ri L07D 

Cly air- T'Tf, Ak^ji Kejr Val Ser iz&.r C.yr, Vrf). Vr^L Ly& Aap Arg Tyr Ijeu 
1075 IDBO IQQ.S 

Tyr S&r Gly Der Glu Asp Abji Ser He Lye V5il Trp Acp Leu Anp TJjt; 
lOf^O 1D&!S lkl>0 

T^\> t^lk? C-y-i^ Tyr Thr He Pro Lya Ser S«f Lku Ol y Vrol l.ys 

L105 1110 lllt> 1120 

C"ys LiCU Mr-jK VaI P]ie AE]\ Gin IIk Iltt f^*-T- 3i.1 a AT PHc Aftp Gly 

13i<-f^ 1130 1135 

Ser He Lya Val GIti Tip Cln Scr Lys 
1.140 114?^ 



i^] IHKOKMATJOM TOR GEO ID NO:-?: 

[t) f;T?OTJEWCE C1C7JU^CTERI5TTC5: 

^A) LKNOTH : ;!:i.^7 k>^jrir^ iJrfiir :; 
iB^ TYPE: nucleic a.cid 

(D) TOPOLOCV : 1 -i nc;^r 

(i±) MOliBCULK Tyr^Fi! 
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[Hi) IiyPOTKETICAi. : J40 

[A) ORG7LiarsM: Di ctyost &1 ium dtecotdeuiYi 

ATA/iGAAGAT At^AACATC^AT ATTTJiAAGTO Tr^T^TTTTflJiT ATC WIOATUA KGAAGTGGAA 6D 

CTATC7JJ3JVAT TAACaAATCA TAflAAfjanTXl T-O^^rHCAATTA CAAftCA'J'Ul'l' flCATGAAGGT 12 D 

AJL^L^tTATTTA IliATT'r.JCATA TO■^T'A^:X'.T<TP CAAJXr;AO?lCT ^rCCAAA'JTI^G AAAGJPlTGTTTI ICD 

CCATCTT3GTA GTGU1^:JUa:X' TCCJAAf.lTt^CA C^AC!Ar ICft^^T •r'ix4/. UAA<^rJ' TAAAGCACGT 2^0 

AJiTACATTAG CACJA'f ATT^^'ft ATftT'AJUiGTT Gr^TfiAT'AflAT T'AT'ftrorrTAC A<?'i"rAAAAAA 3 0U 

/iGTAAACCAA CAA?iTX"^A1Trf! ATTATTACCJl AOiTTAAJlTA TAidfJATTTTT AC ^^TCICAlVA 5t>U 

GAACGTGCAA TT'AAATnGGA ATTiTOACCCA TATACTACAA CTGCTCAATTi nAHCT^TAf^a 4 2(1 

GC7iACATTAG 'lCAAA<:-1'rr?'CiA ?iCC7vGT7iCC7L ITTGCTtiTiJ'iG G7-GCATTTA« GAAAn<:JTTAT 4ftO 

CATACATl'GCf ATTTAHGTAJi ATCTCGTOCA /iGTGGTlAGAT ATGTATCT^iA GATTT2GTAAA r>4Q 

AAArjCAACAO CA^^OACCATC ATATTTTG71A GATCT/sJi/uG/i TGCAAATGAT AGCAAAGAAA C DO 

•llCJOCICACvltTA AATAT^lATTC ATTTAAACCr rjL'AAAAAWaA TTGAATTTTT ACAATCATGC 560 
OTTT-TAflAOT TTGTAGA'l'AC AACATCATCIA ■TIATTTS.A^TT OTnaA<1CA<IA Ail^CA'J'A'KJTA 

GAAGGACAAT ATJtGAAACTA TAATftATAAT AOn<"4fiATTf:n TTACTAATfJA TPIAAtr^AAAT '?80 

ACJirrC.'ACA/iT CATTL'TCTOA TTTCAfATAT nAAfLATTfJAA ATCATCAATT ATTY^AT^TATA ^40 

nATATTCAAG GTGTTL$«1<^A 'TCACTATAOA GACnCACAftA TT>CATACCTA TGATOGTCTTr 900 

GGTTTTtjGTA TTGGTAA'l'^'T' nnC-JTV^AAAAA GaTTTT'OAAA AaTTTI^AGA TACrrOATAAA 9 60 

TGT71ATGCAA TTTGCCAArTA TTTAAAXaTA CAATCAATTA AT^TCAAAATCJ TGAAAAftACSn^ 1 0^0 

GATTGTOC^TA fLeTOT^* nc AAG ?LCCAGJbTTTA ATTTTCCCTX5 ATACATCTGA AAGJiGATAAT A 080 
TiATAATAA'l'A ATAATAATAA TJiATTiATTLAT AATAATA/iTA ATAATAATAA TAATAGTAAT 

AATAATAA'rA ATAAHAATAG TT'iGTATTTCA /lA/lTCATTAG TTGJ'iAATTTC AAGTGGTAGT 12 DO 

AAAGAAAGAA ATGA-TAGAGA TTCGCCAAGT AGACAA.TTAT TTGTTTCAAA TGATGGTA;!iT 12 GO 



BNSDOCID <WO . 9909199A2T!_ > 



wo 99/09 L 99 




X..n.acTT-?.AJlT'A CAJJiT/iJLTiGA GAG7lT-C7iJL>J*l TCAjVlAT-IJU!. TAaATTT'^HA AAAACYJAUAA 132 D 

ATTTT^u'iTJ'ui JiTA/iT^iAGJELA .QiAAAGAGAUT /iTATlJ-i.TT'TGG jVlACGATAAA ATTRATTCAA L3^5D 

/iCTATTAAAG UA'i'A*lV^ATC''P U'AOAA^J'C^M' TTA'J'Ul'ATTT GTGATAATTT JiTTATTTAjCJI L4^D 

GUATUTJ'CAO ATAATTnaAT TA<"-aftn7>^TftT nAITA'i'AALSA <olX"^AAARTAT GGAATX3TGTT L5 0D 

CAAACCJTi:1A aAC^RT^JiTGA AGGTCCAHTT f-JftATHAATTT <l1TTi^TftATr:3A "iVAATATTTG L56D 

TTIAa'K^GTT CATCAr-jaTflA ■nrJVJJtTTAJi.A f^TTTf^^T<■3ATT TftA^^-OAAATJ' AAGAIX^TATT 162U 

T'l-JACriTTCG aornnTCATGA TAA^-CCTfiTC; CATAfTTK^TTT! TftlTnAATGA T'AAA'JATI'J'U 16 80 

'i"l"J'AC'iV:tr?TT r^f.TCTTGftCTiA AACTATC^lAA GTTTGGCiATT TGAAftAf^TTT CCAA'JVISrAAA IV 40 

T^rTTkCXlCnX-i JVAAGTCTiTGC CTiGAGCCGTC AJWlCACTTT GTATATCTGCi T-^-JtftTftTTTSl l80(l 

T'VTftClT^iGTT C/sJiATGATAA AACTATCAAG GTTTGGSATT TGTiAAACTTT TCflTO^^TAAn IS^n 

T'ilCUSDCrrCTAA AAGGTCATAC TAAATCGGTC: ACCACTATCT GTATATTJMGG TACCAJlT^rPC l^Sn 

TAnarTTGGCT CCTATGATAA AACTATAAGA GTTTOGAATT TAJlAGAGTTT AGAATGTTCC ISftQ 

nrjTaC.TTTAA GAGGCCATGA TAGATtSGGTT GAflCATATCG rAATTJGTGA TAAATTATTA 2O4 0 

TTTACTGCTJ^ GTGACGATAA 'JACAAI'I'AAA Ai"ri<^GA'JT rA<2AAf!.L:ATT AAGATGTAAT :31DD 

ACA^tCTTTGG AAG'SACA'J'AA 'VOC^^hCCO'VT Cf J^T-C^.ITT^.'AO CACJCTTiiJOCIA ACA'J'AAAAAA J 1^0 

rGTGTTATTA <;^T'l^'i'?i<yPna THATflAAAflT ATT'MAnTTT MGGTTO^AA TTJiATTTAftA ar:!?!f> 

ATAAAAAAAA AAAACAT 3237 
V^) iNFORMftTTON FOR ID NO : B : 

^:t>qijemce character I DTICS : 

(A) bENCTWi rtni.icjo ^l<Ji^ils 

(B) TYPE: amino acid 

(C) £J'l'KAWT)Fn"JHRfiB 1 ^3^.Jlq:l.<- 
< D] TOPOLOGY : 1 Inear 

I -in) MnLECTILE TYPE: protein 

HYPOTHETICAL: WO 

(V±) ORIGINAL yOURClS: 

IA5 ORGANISM: Dlctyost eliuTift dLBCoidetim 
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Met lie Phe Lys Val 'I'uc:- The t^er Tyr Glu Aep Giu C-Jlu Veil Glv Ley 

tiD-r fHvi Tj^tij Till.' AtJtl Tkt^i^ Thir Tbr^ Vwil f,<^r AH d illc Ar^ Uys lie Lexi 

20 2":^ 2D 

Hifl T.yri T.ler Fh<- Ajtcj Phr Pttj C-ly 'i'hiT D&:e Gin Thr Aep> 
35 40 

Lfe-Q Gin He Gly bys Met Leu rro ttor Gly Ser Gly Gly Gly Aiji Thr 
SO fiO 

Ala A;gp S^T Try-j Piae -GliI hyK Phe liyj-J Ai» Ar-Lj Ar;Ti Thr Lcii Als Asp 

iiO ?3 BO 

lie Gin Tyr iys V?^l liJly >*-5p ThT Lou 'J*yi^ Val Arg Val Lys Lys Sei 

D5 90 9r;^ 

T.y:: Pjxj Thr /Lsn Asp Sier L«u L«u Pre Tbx leu Jbsn iLe Ala Ptj^ Leu 

.LOO IDT. IIO 

Ajgp rJly Srtr AlTCJ Jila rLe Ly& Trp Glu Tyjr A^j^j rm> Tyj- Thr- ThT 

115 'i.20 125 

T'Jir Ala Gin Trp 'i"hr Cy^ Tlir ALa rhr Lcn Veil L.y& val Glu Pro Val 

135 140 

Fro Pho fcl..^ Glu Gly Ala Phe Arg Lye Ala Tyr Hie Thr Leu Asp Leu 

115 ir.o JTaT^ 14^0 

Ser Liys i^cr C^] y Ala Sar Gly Arg Tyx Val Ser Lye; 3le Gly Lye Lye 

le;^ I'yO xV5i 

Pro Thi^ P2"0 At^ Prn f^Ci" Tyi:- Pki« G in Air-fa Vn I T.y?.? Mr:t. <?n n M^f!t TT r 

iBO 1^^ 150 

Ala ijy& Lv:> "^^^P ^^1* Asp Lya Tyr Asii ser Phe Ijys Pro Pdto Lye Lys 
195 ^i^n 

He Glli Phe liBU d ti fi<-i- CyU VaI L«ij <41\i P3m-. ViPaJ^ Aj^x> -^^'"^ T'Vn- ^Jpiv 

:;?io 2iy 220 

f-er Aep Le\i lie Uys C\y A"l ;j CJ^v T>ty,7 Tyr- Vol Oy Oln TyJ^ ^^"B 

230 235 2'ID 

Lys JVr A-'.5ii A/jn Aeii Ser Gly Phe Val iier Aen ABp Glu Arg Asn Thr 

24^:^ ^r,o 2r>5 

Pt'L^ Cain Ger Phe .yrr Hn,'? TJ>ir. Th^r- Tyr 01 Hir.; am- Hli? i:;j.n Leu 
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y-iiO 2bb' 27Q 

Ijhiu li^; J'l^ Aep lifi Gill Giy Vai GJy Ar;p >iiF: 'jyr Thl" Asp Pi:o Gll-J 
2VS 2tJV 2^?r5 

iln Hi;.; T>ir Tyi: Al:^J GJ y Vwl my A^ho ULy lie Gly 7lS3fl Leu Gly niri 
29D ;i£r5 son 

Lys Gly Phe GLu Lys Phe Leoi ABp "Thr Hie Lyti CJy^^ Ami jn.,T iXo 
30b 31h 120 

CH.Q Ty?- T.<rij Artj^ Lrt^ij Girt Rirti' Ilrt A:jTi Pro L.ys aer <5lu Lya Ser Aep 
j'.a^? 330 

Cys Gly Thr Voil I'^ro Arg Pro Asp bei^ lie Phe Pro Tlsp TJir s*tr COt? 

240 24rS -JbU 

Ai'cj Uap Jisn Aba TVen Abi^ Aen Abi^ Aei^ Acn'j Aiuj Aisai Ar.;Ti A.yji Asn Aen 
'3bb ifO 3C5 

Asn Asn A.gji ftjTi Ai^ri J^h^j: Alira A:>n A:>t) A&n AE^n Asn Asn Ser iJer life 
37D 375 380 

Ser Lys Ser L*^J Val cilu il© i?er aer Gly [^er iys Glu Aarcj Aci-s Aujj 

390 ^g.r, 

Any Afjp Gei: Pro ser Arr^ Gin Leii Phfe Vai E-er Aeiii A^jp Qly A::ti Thr 

IjCVI Asp Tin- A::i] LyEl Glli Arg Stir Ijyzi Rkj: T.yj^ ««t' 7 ] i- a^^p J,c?U <»lu 
4aO 430 

liy« Pro Glu He Lieu Asn Asn Lys Iiya Lye Glu lie ABn Leu 

43^ 440 44r> 

Olu Thr rift Lys Leu lie Glu Thr Xl^ Lye Gly Tyr ]]ief Val Tlsr- Rki: 
^50 460 

HiB Leu c^s Jl<L^ riy.'J Azjp AjUi L<-ii I^ij T^K'. T>it- C^y Cyr?- /i^cr A^p Asn 
<j<;fi 4va ^75 leo 

Sftr lie Arg Val Tyr Agp uyr Lys Gin Aan Wet Glu Cys Val Gin 

4Bf] 490 ^.^Ci 

llir Lf^U Ly--^ Rl.y Hit: Glu Gly Pn^ V^il Glu Jirtj; II^*- f.'y^; Tyr A-;ti A.^p 
3DU yUt> 51D 

Gill Tyr Leu Phc ^^ot <n y Rrr 6nir i^:>p Hi 3 frcr He Ly.g Val l^p Aap 
r>in 520 525 

Leu IjyE LyB Leu Ar^ Cys II© The- I'hr Leu Glu Gly Hlb Aep Lye Pro 
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53D ijib FidO 

Vfal Thr val L^u l-c^i A^n Agp Lye T-yr beu P-Jie Ser CJi y ^^-t- ^^4*r 

S4i> 35Q ^[i:; 560 

A:>p T.y.'i TJir iLe Lye Val T-i^p Aep I>-u Ly;, TliT l.cL? Clu Cys L-yB Tyr 
&»^r> 570 575 

Thr Leu GliJ fi**r Hic> ^ila Ajrxf Al>j V.-^ l T.yr^ Thr Leu LTys ile iJer Gly 
5BC> 5B5 £9fJ 

gIli Tyi Leu i^he .^cr Cly ^icr Asn ft.gp Ly& T*hr He l.ys VaL Tjt^^ Acip 
.S9fi 6QO fiOfi 

Leu Ly.'j T^ic F'Jift Ar</ eye Aeii ryi^ TJii- Lttia T.y:; Cily H.i.g Thr Lys 'I'rp 
61D 6lb> 62D 

Val Thar Thr lie CyB tic Le^ C^iy 'l^rjr Aari Leu Tyr Ger Gly Ser Tyr 

^^30 fil.p^ b40 

Aisp l.y« Thr rlfr Aro val Trp Asn Leu Lye Ser Leu Giu Cyr. K^r AT ;o 
G^r> hJf^O 655 

Tlijr IjCU A-rt^ Oiy Hi Li Aep ?irc. Trp V^ii Giu H.l:; MkI. V»] Tit? CV-- 

fcby f^fc;i> S70 

Ly« Leu Leu Phc 'Jtir Al;* Sci- A-sp A&p Asn Thr II© Lys lie Trp Asp 
67r> eso &05 

Lcxi i?tlvi T>ix.' Leu Arg Cys Asn Thr Thr Leu Glu Gly [lie Aei-j Ala Thr 
S^Q CSFj 700 

val Gin Oyr.? linu Ai^ V3«l Trp Glu Ae;p Ly^j Lye cy^ Vai rlti f^t-i: Hy;: 
705 71 0 V]"! 720 

Sex: ]lis Asp Oln Sc^-r T]*- ar^ V.^l Ti f> (Uy Trp ^:3T> 
725 730 

U) IWTOKMATIOW POR SEC> id NO: 9: 

(i> i^aOUEMCR OIARACTERIGTICS: 

<Rl TYPE: nucleic stciri 

<L> TOPOLOGY: linear 
(.1 I.) WOLECULE TYPK: cOWA. 
I nil) HYPOTHETICAL: WO 
(vl] ORIGINAL SOVKC1C-. 



BNSDOCID ^WO 



99091 99A2TI > 





PCTV'US9a.'17272 



-24- 

[Xl) bllSOUiSiHClS DliSCRil-^J'iOW ; IP NO : D : 

A'iX'.ACX.yiTO« Ar.!ar!;..ftr^jiJL»i Ttt^L.^nr3rt».c AATagtccaa CT/^JiCJCACC j^hattc^cac 

CIC^'TCOr^CTV' fViJiiCATTCTC GCT-CA?*rGCG TC!Ji.«i.RJi,'I<5(J TJCUCiATAAC CGITiTOACTTAC 

CKA<:<AT\11AA<1 TOTTCAT-TG7\ ACAG/iATGAT «Tr<7rTA.T>CKj AC^AAjUCCTOG TATGGATOCT 

CTv'HAOnTTA GAAAACTT7LT GGAG/iCATGG CGCAJir^f^CTx:^ CXCGCX.'C^ AGC AAGA/lCTlAAC 

T'ATATAr^TVi fmTGGGATGiJi GTTCTiACATC CJ*C:iRA<"-<TATrt CMJTACAAOG AGCTAAAOGA 

T'ATAnf^TftTT CTGC'TsJirC/iG A7L\GC7VATGG TiCAGAGflaTA TAO'J 1' GAGACTTCAT 

CCGGAC/^GTT TTGCACGTCG A^^tX-^ATCCGA GAATGCTACC GACTCAB.AAA C'JHIJOJ'CCAAG 

CACGG/sJiCA/L GTCAAGA'J'T^ 'JAC^^^.GCAAC TATGTCGCAA AA/lGATAOAT T^TXtAAt^i'C 

GATCGT/iG/lG TTCTTTrC\iA 'J^JA'J'O'IX^-GIA CTTCAGATX5S ATGCCAAATT ATOOCCfTGAA 

GAATATAATC G<^rATAA'rrjC AUCGAACAAA ATIX^TATTG TTCAAATGTG TOTCATT^Att 

JlTC/bTTGATG "JTAAAACGTTC TCC^ACnTTAr CAm^yAGC ATTTCATCGA GGGT^AAATAT 

ATAAAftTACA AU"lV.1AH.3S|CTn AHGATTTf^TA TC^-Af-.TCCAG CTCUTsTTTAC ACCAC/!J\GCA 

TTTXerCACJ' 'J-CACriTTYi^^^A ACGITT^C-JflT' HATY-'feAJ^TCtA 1V::1U'i"J'0T(.X^ 'lATTCAAlGGA 

(Jl-rUCS'jGlA'J^P Tn'TAP-Af^AGA TCCTCAGATT CIATAfZAnanVH 'WOtC^AACTCA TTAl^C^OA^^V 

OQAPiACCLKXi OAaC.TCGTGG AATGGCTCTT TTCTTCCATT CACTArJAnATT^ TAAOGATAT'l' 

T^nA^AOAA TGGATCTATC AAATTTCGAA CTTTCGCCAC CTGAAATCCiA -ry^CTAnOOAA 

aTTOmATOfl AAGTAGCTGC AAVJCAGAAA AAGTCATGCA TAGTTCCTGC MiCTKAT^TC 

OAAGCJIAGAA GA/lTITCGAA'I' TIVAVJTGAR TGTGTACATG TCGJ\5C/lTGG TATTTCf^ATf; 

rSAT^.'AATJ^iJi GAA7!JkAG«AA GACGI'I^AAT CAATCGTCAA CCGATTIGTC AGCAAARAnT 

(TACAACGAAG ACTGTGTATG 'IVCTGAGTGT ^iTTCC/sGTTG TTGAGCAACT CTGIGSk/nCCfT 

TWCTCCGAAG ATGAi^tGAGGA C^JAACJAAGAA GACTATCCAT!. GA/lGTG7l7!AA AAGTGGAAAT 

AGTC7lG7iAAA GrCr^OCT'A/Cl1 TAf^TSiATrjAjOi:: ATT'J^JAAWA GATL'TrUTGG CGATG/kATCA 

GCATCTOSlXl C'lACAAAAM C-fiGATTTOTA ir4AT-rT'AAftCrP CAC'J"JL0CTCA l^ACiACATGAT 
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AC^CrrrjA^i-AA fJ'VVC'HC^'^C'Q ^:&C?iTATTi:!T' >i TCAATAU'JT <_rrAGACA/j/lC CAGAGACAr^ 1440 

L-AAAACrJATO AATT'CT^^^'IAA ^"HnTTCTT'fir-ia AftACAATCAO I'TL'CAUCAAA ITATTCTATCA IFiOO 

CT'lVAACTl'C AACAAaT<l1fK! Tn-'^AaCC'Tn t^AAAATOAT'O AAr^AUUTACC ACAAGTCACC 15 60 

f^UCA'l'CJ^r U'CTCTCITCICT CICir/TCIAOATT C'ATATTCATi:^ "D'C'IVALVJATA TCATG^ifGCTC 16 20 

GCC'C^rjTTrin TaOAAGTTnA TTC^AflAAfJlWT JlXlGGAAAT^c: 'rTn^.X^IOC-rARC 'rGAAAA'l'GAC 1«B0 

CC:!TC"\:iTfyrAC! -T'aATClJVAATA CGACAAGCAG TCTOCJkATTT TCr ATTTYiinA TATriCCrCt^G 174 0 

AAOTS'^rGGAA TCCTTGAGGC TGTGCTTSJiCA TCGGCTCATA TTGTTCTCGG ATTAOC^J^CAT It* 00 

CJ^.^TTmrmA AAGAJ^GTCAC CGTTGATGJ'lT CTGTTTCCTA ATGGGTTTGG AnAAOAfHC*AA 1860 

AATOr-IAATTr CiAr-CTOATTiA ;^iGGACfiA7iAfi CCTTGTCACC TAG/iJiG/iG-rr CGGClT^JnfJAT 1930 

f'TOATnriAAA TTOCTGa^iGA G7iTGGGTGAT A/lGGGTGC/lA TGCrGTACT-iT GGCJlCACGCT J.9A^ 

TJlT-GLTi^i/wCTG GTr/^CAT^TL' LXJGACCLJAAT LX^AAGAAL-GG AITATAAGAA ATCGATTGAT 20^0 

TGGTATCAAC GOL=;TC<5T'lX^C ATJ'CCAATJA^i C^A^C^AACtAi^C T'K^X'I'CTGA TJS^'IXSGAAAA 210D 

AC^SACATTC'J' CCrCATTT'c^c: T^fiArrrfJACT r?«TCAri^nA TTr.TAoriCA^ AATCJOC^TtJAA 216 n 

AT«3TACAAA<5 AOGCAOnTTA TOr^f>r5TnAAT C'AJiGA<-.TTCG AAC.VIA^nATA TC^TXTTATTC ;^'j:iO 

A/iTGAAGCTG CJ^JAACJCAClJ ;.ATGh3AAC10A ATttAAT^^fHAA Af^flTO^CAAA T'AA^^TACTAT 22&(» 

GAAAAAGCGG AAA'K^TCKta AflAATOA :>.^07 

U> INFOIWAriCDT SKf^ ID MO: 10: 

(H ) f5"RQT3B)Tr:E C1^?\J^7lCTERXD1JCS 

{"Bl" TYPE; smino acid 

[C) i:TKAWD]5D>JT?^:ft : ::itiglK 

fD) topcQjOGY: linear 
Ciil WOl.KOTLE TYPE: protein 

(.tli^ HYPOTHETICAL: MO 

<vi^ ORlGINAIi SQUReK: 

(A] OROANISlul: C. elegaL'jB 

S^PQIIEJTCG DBGCTII PT3 ON : SIlXJ LD N0;1U; 
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Met 'i'hr Tic A:;p Thr T>ir Clu I'er Asp ?tBn .^er Pr^^ Thr Asn iJer 

15. JO 15 

Pro Gly L«u Glu Ala iicr Ala Arg Thr PJie 53*-r T.i*y Ann Ala Ser Lys 
20 y.^^ 20 

Hert Val A2fg lie llir A^p Asp T-yr Ala Aiijj cni> V^al rh*?^ lie GLu Glii 
I^F] 40 15 

A:>ri A;:]> VaI Vfll lie Glu LyfJ Pj;0 ft rx^ Met ABp Pro liGU I3iE Val JSlYX^ 

50 bbi 

Lys leu llet Glu iQ^r Trp Arg Lys Ala Ai& Aixq Arq Al^^ Arg i'hr Aan 
b>> 7f> 75 ^50 

'JVi- Tl<- a::i> Pii^ Trp Ar,p Glu Piirt At;Ti J.].d HIb C5la TyDf Pro V^jI GIi-j 
feS 90 ^Fi 

Ar.9 AJl.fJ T.y:i At.x# Tyi- Ax'Cj Tyr- .*nKr Ala II C Arg Lys Gin Trp Tiir Glu 

100 105 :iin 

Asp lie Val A&p Veil Arg l^cu His Pro Aap 5er Phe J^la Arcf Oly Aly 
J.ir^ 120 125 

Mot. fti-H ^^I'J ^V^ TyJ^ ^1^3 "Leu Liys Lyfc% rjyti ^5f-r J.y.g Kis Cly I'hr Ser 

130 I^S 14D 

Gin Asp I'rp feci" *?r-r A;>3i Tyr Vjil Ala L-ys Arr^ Tyi lie Cya Gin val 
14fj 15D liss r^o 

Asp AYg Ar5 Val iicu I'hc Asp Asp Val Arrj ijeu Gin Mec Asp Ala Lya 
165 170 i7S 

Leu Trp Ale* C-JliJ Glu Tyr Aan. Arg Tyi-^ Afsjj Pi-c^ Pvx.^ T.y:> T.y!> Tli- Asp 
1»U 1*^5 190 

lie val Gin Met Uys VpT T ].o niw Met lie Asp Vosl DyB Gly Ser Pro 

:i.9ri 2DQ :^or^ 

T^\i Tyr Hi/J Leu Glu HiB Phfr Tie Glu Gly L-yi: Tyr Iltt Ijyr, Tyr Ar;Ti 

AIQ 2iri 220 

iJer Asn &ct n.Iy PJie Val Ser AtJi-i AI« Al w Atx^ I^ru TThr t^ro Oln AJ.5* 
22S 230 23& 240 

Phe 5eY Hi a Phe iTir Phn dliJi Arg fior c^ly His Gin Met Met Val Val 
215 250 ar,n 

AtJt/ lie Gin Gly Val Gly ?,sp hew Tyr Tljr Aep Pro Gin Jl^ Hie TJir 

2^rj^ 2'/\} 
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Val vai Gly Thr ABp Tyr Gly Ar,p I y A&n Lexi Gly Thr Arq Oly Met 

:>7r;. iyo 

AT;* T.cr:\3 Phrt PiiK Hit: fJ^tj; H i?; Arq (.fys ABTi Aep lie Cyr, f.U yi 'l*hr Met 
2L<0 2S5 300 

AEp beu Se-r Asn t^hc G*l"Li l^eu iJ&r Pro Pro G?iu J.lo 01 \i Ala Thr Glu 

305 310 31S i;^0 

V^l /ila ?1et Giu Val Ala 7ila LyE; Gin L.y!> T.yr? Scr L'ys Il€ Val Pro 
.■i2r> 330 

T>ri^ Thr- V?ii P]ifci Glu Ala Ary At-^; Ar.ri Arg lie £ier Sfer Cy:> V^al 

•34(> 34S 35U 

His Val Ulu Hi& rjly lib i3-er Met ABp Gll^ Lt^u Aj>3 l.y.g Aug L-yB Tlir 

.lAG XfiO 365 

littn Ai.rj aiii S€r Ser T]ir Acip Lfctij «Kr ALa \jyB .yer His Tisn Glu ftn|> 
370 iV^? 390 

CV^r. Val r!y}j Pi>:> fJJ.iJ rryi^ rii- Pto Veil val Glu Gin Lsu cy/: r^^v I'to 

3DS iyt^ 39r> ^DO 

Cys t^er Glw Agp rjLu Asp Gl\^ Glu Glu Aep Tyr Arc; Sex Glu 

^D5 AlO ^115 

T.Yr> f:oT- <?n y Jizjn Ser gLu LyR Sfir Ar-ci Ajiq ^>cr Arg Met tier 3l« Ser 
42U 4:^0 

Dir 7fcrs £jer ycr CJl.y Asp Glu ^^cr Ala s^r Arg Pro Arg Lysj Cyfi C^ly 

435 440 40."^ 

PJie Val Asp L€U PtBTi S^y 1*^^ Arc? Glit Arg Hit:; A&p Skj? Phn Ar^ ^er 
4S0 455 460 

Sfti- VaJ. Kly Thr Tyr Ger Met Aeii Ser Sftr Aj.x^ «.lri Thv Arg Asp Thr 
4b5 470 475 4RC> 

Glu Lys Asp Glu Phc I'rp Lys Val lieu Arrj Lys Gin Ser Val Psxj Jsil^x 

4?^0 ^35 

A&n lie I.^^ii Leu Gin Leu Gici c^il.n Mi-t Al?i Ala Asn lien Glu Aei^ 

SOa bOS 51D 

Asp Glu A.gp v^i P/.ij r^in VmI Thi- O] y Hi?5 CUn rhe t^er Val Leu Gly 

5L5 ^-JriJ 525 

Gin lie His lie-: Al>t.i T.ni^ E^cr Arg ^Vyr His t?l\i Leu Gly Arg Phet V*i.l 
o;irj 5 25 S4fi 
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C^.lij V« I. A/Jp Ker Gill Hi;; T.ys. CIu Mct LjCU Glu Gly £kj- rHxi Aan Asp 
545 550 .riHr^ RGO 

Ala Arg val Parci ll& L.ys T^^r ?lEp Lye GLj\ s<-t- Ala lie Ph^ Hie Leu 
56S ^/t^ r,7r> 

Aep He Ala JLrg Lye eye GLy LiKi T^n c^ln Ala Val Leu Th:t Ser Al>4 
r»Bn 5*35 r>9n 

J.lr V»J Lf-ii nj.y Lf-.u r>TX7 H> f> Clu Leu Leu Lys Glu Val Thr. V;^1 
5^5 &00 POi> 

Aep ABp Ijeu Phe Pro abr Gly Phe: Gly Glu GIj-^ Glu Ann Oiy iLe Ar^ 
fi.KJ r>l!> ^20 

AlA A£;t> L.yt^ Gly GJ-ii L'Ve^ P'^'^ "^y- ^'•T> r:!Vt> t/lu fcHie Gly S«r Atip 

t>iiii <>30 63S ^40 

i.iM^ Mi-f. <^n.ij iJ.tt ain jBlIji mil r4f?t rjiy Asp Lys Gly Ala NeL lau Tyr 

ti4bj 550 ^Sb 

Met Ala i5is Al^ 'lyr (^iu llir Gly Gin Hie Leu Gly Pro A:iu ftTx^ Ar9 
€60 fifir^ 670 

T^ir Aiip Tyr Lyc; Lyt; Ser Xl^ JStfifi Tt7j Tyr Cln Ar^ val VaL Gly Phe 
675 fcBO G&& 

Gin Gin Olxk ClxK A&p iiE?r A&p Cys Gly Lys Tbr Thr PJitt fittr 

nSD C9S 700 

ser Phe Ala Pdto Leu Thr Arg His Glu lie Leu Ala Ijys Mel. ALw f^li? 
VOS 710 7K> 720 

Met Ty?- T-yi; GLu Gly Gly Tyr rs.Ly I.ki? A:;n f^l n Ai.vp Phe Olu Arg Ala 
Viii> 73V 73S 

Tyr Gly Leu Phs A&n Olu Ala Ala Glu Ala Ala Met Glu Ala Met Ami 
740 7F»0 

<4.ly hy(i Leu Ala A6L1 Lys Tyr Tyy Glu Ly« Alji C-il u M«l. Oy:> Oly Glu 
75S ^60 765 



(2) INTORHATION t'OR 8EQ N0:1L; 

U) i^BQUEKCK CHAR?.CTRK:i£TrC£:.: 

[A) IiEt^GTH: 22 base pal re 

(B) TYPt;; nucleic acid 

( a ) s;trandkdnegg : iSoubl e 

(D? 'mPOJ.OJY! l.Limnr 
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(vi I ORIGINMj SOURCE: 

(A) OHQPA^IB'M, i:!. c:lcgc*nB 

(XL) JEQUEiqCi!; UJS&CXirriOl^l: id N0:11: 

/iTGACGATCrj AC^ACAACAA^ TV;?*.r^JiGf!CJAO AA'XAyivrCAA CTATiCTCACr Aflf^AT^r^AC 60 

•^l'ctcggotC cUAnaTTnTCJ ncrrcaATn™ tcaahaa'jh^g 'mitp^Tr^c cgacqahtacj >3o 

'^CAGA'iTjpJ^ir. Tl-JT'TrTATTGA AC'AGAATGJSiT nTC.'-fJTTATi:!i:j A^JAAGCCTCG TATGGATCCT iC^O 

Crr<rCtf:c:iTTA ^^IAAAACTTAT GG/LGAC/iTCG CCCAAGnCJTn CT<MLtl.'1CGAGC AAGAACAAAC 2^0 

TATATAGATiT TJ^lTCGG/lTG/L GTTC?i/iC7VTC CACGJlGTATC f.'AGTACAALjC ACCi'AAftCGA 3 00 

TAT-ArdinTATT- CTGCAfiTCAG AAAGCAATUG ACAGJiGGATA TAHTf IHATflT' ^i^AGAC-iTCA'J' 36 0 

-r^nnGAfiJi/^Tr ttgcacgtcg agccatgcga gaatgctacc GACi-naAAAft OTOCTCriaAC^ 4 20 

<:7iCGG7l?LC7L7'L GTC/iAGATl^ iJf^A'C^/JtSAAC 'rA'J'U'i\:'iCA;'i TUIiAGATAC/iT TTGTCAAnTO 4ft0 

•r^iT-CGTAGAG TTCTTTTCC^A lOlTOfCAGA C^JTCAGATGG ATGCCMViTT ATOGGCTGAA ri40 

GAATATAATC GCTATAATCC ACJiJCAAGAAA A'J'I'GA'J'ATTG TTCAAATGTG TGTCATTGAG GOO 

ATGATTOATG TAAAAGGTJ'C '.ViXlAOTCTAT CATTlX.1t5AGC ATTTCATCGA GGGAAAATAT 6ffO 

/LTA/iJiATACA ATTCAAA'CT'C ^'Ja^^^'^^Tl^TA T'rA?.AT<:iCAC ClK-X^TCJTAC ACCACAAGCA 72 D 

TTTTCT^ACT TCACCllXXIA ACIHTTflTr^T ClATr.A AATCA TGGT'TOTL'GA TATTCAAGGA 7SD 

GTTGGTOATC Tl'TACACACA TflC'TnAGATT CJ^TACAr^TTC TGCSGAAC'lt^A TA'Al^CiAGAT 

GG/iAAC-CTCG GAACJTirm^n AATTSCdCTCTT TTCTTTnCftTT' CAry\CAOl'i<5 'rAAL'CiAl'ATT ^OU 

TGTGAGACAA IXI^GATCTATC A7lATTTCG/lA CTTT'CGCirAr.' rTl^ft^^ATCCiA CCr^TACC^iiAA 5^bO 

r3'A''rGCmTX;C. AAHTAflCTGC /Uk/iGCJiGAAA TiJiGTCATGCA TAHT^JHTfJC ! AAC'HaTC^TTC \0.>0 

(^AA^(r:!AA^AA GAAATCGAAT TTCAAG'TOAA TGTGTACATG TCGAGCTiTGG TATTTCGATG 10 BO 

flATCAATIt^A GA^AAAGGAA UAOO'^'OAAT CAATCClXJAA CCGATTTGTC AGCATIAGAGT 1140 

CiAC^LACGAAG ACTGTGTAl^J 'irX^TCAOTCI' A'JTTCCAOTTd TTGAGCAACT CTGTG:^iGCCT 12D0 
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•rCCJ'CCGP-AG A'lXA?i<:^-Ai"JCA r!^i^..Rt:^^.,^»■^4Z!..^ ^--^ftCn^XklXXVLI <.^A.EiGTLViJWi TlAGTGGAAAT 

AL^i^:':AL^^P!7lA OTV'O^iWT'ACi T'Ai;*:1JiJi.7x-^ftC4<': ATTTCIAACVtA CAIVJTI^CTGG CG7lTG74ftT'CA J.i^^lfl 

CCA'THTOCITC C\T'!^C7^.^^TX'4 rr*4AT*TTnrA flMTTa-Z^AriT riACJ'TOGTCA GAGACATGAT l^aO 

AHCTTCAClTSiA GTTCT-GTTGG G/iCJlTATTCTT JirGATiTiiOTT flTAifiJlCA^J^C CACJAGAL'ACT 144 0 

GTLTiAAGGATG AATTCTCGAA GCiTTTe^JI'CGA AAACAATCAG TTCCAGCAAii CATTC^ATCA LbOO 

CTTCAA'CrriX: AAClAAAxr^W lOCTAACC'TC ilJAAAAlXiATG AAGACGT7LCC ACTJiGTCACiC 1 ?6 CJ 

GGGCATXTAGT TCTClViTCCr CXil^lXJ^A^^lT CA'J'ATlXiATC TCTC/iCGATA TCATGAGrrTfl 1.S?10 

GGGCGGTTCG TAGAAGTTGA ri'CAGAACAT AAGUAAATGC TTG7iGGCJW*lG TGAAAATaAP. ) f i^O 

GCTCGTGTAC CAATCAAATA OCACAACCAO TOTCJCAATrJ' 'lX?CArTTGGA TATCGCTOGG 174 0 

APi^^^TGTGC^AA 'l-OClTCtAtXin TV^TnOTftAr^ Tfjnnr^CIATA TTdTlXM'Cl^ A'JTACCACAT 1900 

CA^^TTXirPTOA AAHJiAf-JTCJiC raXT-GATtiAT CTGTTTCCTA ATsT^ftnTTTOTt ACAACAGC^AA 1060 

AATEjlC*AATT^ OAnAOCTAC-iA AGAGTTCOGC TCCGATCTGA TG<yiAATTOf! TV^nA^^JlGATCI 15^:^U 

CCTCATAAOC 0TC^O&ATC3f:T GTACATGGCA CACGCTTATG AAACTGGTCIA OflftT^OTOGtOA If^BO 

OCIJAA'i'CCJAA CAAOTC^ATTA TA.\G;AJiATCG ATTG7iTTGGT ATCAACGraT Cy^TTX^HATTC 20AO 

Ch^.C^.Af^?*.^C' AP.nAftOTTGiA CTCTGATTGT GG^x/k/sJiJvCGA CATTCTCCTTC ATTTGCTflCA :-!n.nfl 

CTGAC'TCGTC ACGAGATTCT 7LGCCAAAATU <^CT:iAAATX3T ACAAAKAOGG AGGTTATGGC 21€i> 

CTGAATCAAG ACTTCGAACG AGOATA'J'GUri' UTATTCAATG AAGOrGCri'lSlA AGC>AGCAArG 2220 

GATiGCT-lATGA ATOSAAAGC"]' CcrCAAATAAA TACTATCAAA AACOCCAAAT C'IV:?J'CGA<5AA 22 

TGA 22BJ 
<2) INPORWATION TOR ^EQ iL> NOii^i: 

i:a) UEWGTll: 76C ^iTTiino acias 
(i3) TYPR : Aiiiii^o acid 
( c) STRAJn:iBi>NiiSfi 1 .-9 ingle 
TY^PDIOGY: linear 

li.i) J^OI.RCIJLE TYPE: protein 

I a T 1 ) KVPOT^HBTI CAL : NO 

(vi] ORIQIHAL SOURCE: 
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[7^) ORG7iMI5M: C. ^;Ie<jailf: 



[Xl] LiE»LnJii''W''-ii DiSiSOl^Xl^riOH : S^J ID NO: 12.' 

Met Thr Lie App 'I'hL- Thr Asn Glu 5er Acp Ai^u ^e^T- I'ro I'hr Asn Ser 
:i 5 10 IS 

Pjrr^ GXy Leu Glu J^lft S£;r TLla Afc^ Thn- Phc Bcr Lo\i Asn Ala 5er "Lys 

25 .%Q 

Met V.tJ Ai-^i lie Thi.-^ ACf/ Ak^FJ Tyi- Asp Glu Val Ph^ rife GIO Glal 

•6b 40 4r> 

A£n Asp Vijn. Vyl Tic? <31v l.yft; i»L'0 Al'r? Met Asp Pro Leu HlfJ VmI Ai-q 
.^n 55 *50 

t.y:: I'^-ti Mat Glu Thr Trp Arg Ijysi A.I w A J^ry Arg Ala Aarg T*hr Asn 
65 VO 75 80 

Tyi lie Asp frn Ttf-t Ap-p 01« The Asn He >Iis Glu Tyr Pro VaI <^:i.ii 
B5 9f:j 

Jiircj Ala Lys Arrj xyr Ar^^ Tyr E3.er Ales He Any Ly/i H±ji Tjfi Thr Clxi 
lOD :lor3 no 

Ajsp TlK VmI Aep Val Arg Leu Mix: Pjo Ar>p J=.rrtT Al.^i At^ ^iily Ala 

115 120 125 

Met Aig Glu LVs Tyr Arg L©u Lye Lys Cys Sex Lye Hlb Giy Tlir Sex 

135 l^n 

C^3ti A:;h Trp £ex Gex Asn Tyi- V^L Ala l.yi: ArVj "Tyr lie Cyts ir^ln Vrtl 
145 I ■'in Ibb 160 

A3P Arq Ary VAl Leu Phe 7i£p A/;p V«J ftTg f*l ti M<^t- A1a-> Lya 

:i.^S IVU 175 

Leu Trp Ala 01 v 1 u Tyi- a^n Arg 'lyr Aen Pxo Pro Lys Lys He Asp 
ISO 1D5 190 

IJr. Vy] CJlU Met eye Val rle Glu M^5. TJ.-rt Aflp Val Ly£2 G.ly JJr-r- Pro 
1^5 2l>0 ao5 

Leo Tyr His I-^r-u nj.u Phr no C^u Oly Ly^ 'J*yr He Lys Tyr Aen 

2iD J15 220 

Ser Asn Ser Gly Fho V^al £jer Asn Ala Ala Arrj Leu Tbr Pro Gin Ala 

230 2:^S '^40 
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Phe Ker >Iiej Phe TJ)t- p>i<- mu Arp ^er Gly hJ.j: rUn fJet Met V^j I V^il 

i^-iS ^^^Ci ^255 

Asp il^* OlTi Gly Val Gly 7\s^ la&Xi Tyr Thor pro G1j\ Tic His Thx 

2C0 ;i65 270 

val Val Gly Thr Aep Tyr Gly Aiifi OHy Asn Leu Gly Thx Arg Gly Mcft 

27fs ayo ;^^5 

Ala Leu Phe P]\e Ser HI:; Arq CVe* Abh Aep lie Hyc; Ulu T^r Met 

2fJCJ airs ^00 

Asp Leu Scr Asii PJic C'lu Leu i3er Pro Pn-? f^Ji? Ho (^lu Ala T>ii- 

3Q5 310 315 320 

Val Ala Met Glu Vctl Ala Ala Lyii cnn Ly^ Lys 5er Cy^i T.lc val Pro 

.^sr. 230 23ri 

Pro riir VaI PJi<; Glii AiH Atxt Att^t Asn Arg rle Rt^r ftmr Glxi Cyo Val 

Hi:> Va3 OH r^ly Tic .^Jcr M^it Aep Gin Lftu Ath^ Lys Ary Lye TJix' 

355 .^GO 365 

Leu Aei:i Gin £er GeY Thr A£:p Leu J^cr Ala Lya Ger Ai^.n Cl\i Asp 

i^o i75 ^eo 

Uys Val 01 n Cys iLe Pro val Val Olu nj.n Jjctu Cys Glu Pro 

3B5 390 39b 40(1 

Cya Ser Gli^ Asp> Gin Qlu Asp Glu Glu fiJ.u Ai;p Tyr Fro Arg Ser Glu 

40^1 41U 415 

Ly^: Ser Gly Aen Seif Gin Lyf: K^j- Arq Jurq -''•cr Arg Met Ser I.Ik ftrt-r 

4^0 430 

Thr Arg iJDr &cr 01 y ^i=ip i31u Ser Ala Ser Arc) Pro ftixi T.yf? Cys Gly 

435 440 445 

Phte val Aep ijeu Asn t)er Leu Arjj Giji Ar.y A.gp ser Phe Arg Se^- 

400 ^fiC^ ^€Q 

ser Val Gly Thr Tyr Ser Met A£ju S*-t- J^c^^r Ar^ Gin Thr Arg Ai^j Thx 

4€G 47n >175 48D 

Olu Lys Az-'P ^ill^J P3^^ Tjrp J.yy Vol Lcii Arg LyE Glu Sex.* V^il |>ro Ala 

485 490 495 

JLan lie Leu S-er lieu Gin Lsu Gin f^J.n Mt-h Ala Ala Aan Leu Glu Af>ii 

500 5U5 F^lO 
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(AIM A^jp Pro Gin val Thr Riy Hiii Phe ser Val L^u Gly 

:r.aO S25 

Oln ilc Kj.j TlfT: ftijp T/^-ij Ar«? "JVr Hi& cilu L.e^i Gly Tia-cj PJie V«.l. 

53D 535 5dD 

tiilu Veil A.sp ^<.TT- kHii T.vr. Clu Met i^eu Glu Gly Dei- Glu Arip 

545 S50 KRr> 560 

Ma Arg Val Pro ll& Lys Tyr Asp Lye Gl]^ s&r AIa T.l«-. J'Jtci His bcu 
r2f^^> ^yo 57s 

AEtp THc AlJi aixj Ly;^ O/k^. «iy 11k AIn Vnl Leu Thr Sfir Ala 

5BO 565 ^90 

lie val l>eijs Gly L-enj Pro His gItjs L^eu L.erT.i Ly^; Glu V£ji T>ir V3I 
r>9r5 coo 60S 

A::fj At^p L«;U P]l& Pro AB11 Gly Phfe Gly Glu Glu Glii Asm Rly Tic Arg 

6au f^o 

Asp 1.CU ClM yiu P>>^t aiy firti: Aiif.i V.imj Met. 01 U Ilc Ala ALa Glu Met 
car. b30 635 >^4<J 

Gly Asp I>yB Gly Ala Met L.eLi 'J^r Met Ala His Ala Tyi Glu Thr Gly 
^4?^ fir>0 ^bi> 

cn.Ti Ki;: Ijmu Gly PiD /Lsn Arg Arg Tbr ?kcp Tyir hyc Lyrj iIk Ar>p 

bbO 670 

Trp Tyr Gin Arg Veil Val Cly Ph<? <in n Oly Cl\i Clu CJlu ije^jt Asp Eler 
r>7R 68D CBS 

Ar]> C^yi: Gly Lye Tbr Tbir Phe Gex Sex Pbe Ala Pro Leu r]\r Arg Ul^i 

69rj 7nn 

Clu ric Lr^iJ A J. A Lyfj Met Ala Glu Met Tyr Lyfl Glu Gly Gly TyK- KAly 
7D5 VlO Vlb "720 

Leu Aan Gin Asp Pb<.T r?i u annqr ai n OH.y r'>ic Asn 01 u Ala Ala 

725 73D 725 

01 II AlJi Aiji Met Glu Ala M«t Aan Gly LyB Leu Ala Aei^ Lys Tyx Tyr 

745 7S0 

Glu Lys Ala Olv M<^K c^ysi «ly f^lu 
755 V60 

«:2J INFORMATION FOR BK^ IP NOili: 
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CA) LEl-JGTll: b\lt^ base paixB 

(c) v.TR?JJii^Df^t>^.S z double? 
tr>] TOPOLOaY: linear 

<i±) WOJJr.CTtlLE TYPE: cI>K7L 

( 1 1 -i > )TYPOT>IETrC7^L : NO 

iJs,^ ORGANISM: Di Ctyoste L ium <llfc2<joir3<-.iJTii 

1X1 ) P,y,QimnCTL description: 'JEQ id N0:L3: 
G'J'A'l"5"^T5\Tn TflT-TTCAATT GJiGAAGACTC C/iTTTGCAilA Gf^-JTAiTiTTOT A^ilftAC'AGiCtAC -^0 

A'J'AAA'PT^iAa OflATTGGAGr CAACCAGATC 7^GGJ%TT7iGT 'rafJTAAftirPT TCftACCAJ^TA I i^f> 

AAAAO>*.nnAr! JU^AGTVTTCA TAC^rxrACAG ATGTATTGAT GCTiAACATTT TGTOflTAAAT IfiO 

GGGCAGAG/Lft ATTXTAATIN^AA C-Oe^ftACnaC TIAAAACCART TACATTCTTA CCATCATACG 24 O 

TTTACGAATT GATTGATOAT OCACCAaCTT ATCCACJri'JX^ l-^U'iXy^TXSAA CCATTCATTC 30O 

AttGGMiATTA CAAGAAACiA'J' ^.A^RACAACA r?TOC?TTACX^T 'JAGrAGTGAT <5CTAKAAATA 36^ 

C'ACCACLClATC ATTU'i^.*rCAT TT^ITCATAOS A?.CTC7>C<tAA 'J'CA'I'CAATTG T'lTGA'l'O^T'iT^ 4 20 

ATATCCATiGG TGTUAftlvi^AT TTnTS^CACTO ATCHTrAAAT TrjATACOAaA TCAOCtCSOaCC 4 

GCTTTGGCGA <5GG1*AATTT« GGCGAGJiGOG GTTTCCAC:AA ATW-'nTTfiaA ACJiCTkCM^JT Fi^O 

iS'l'AA'rCCACJT TTVJTGACTTT TTAAAyTTGA AACCAATCAA TCAATCAAAG 7VAAGOCCTCC SOD 

TA^ftynTftC ATTACCCGTC (^TACAATJ" 6 2b 

t.hpqrmjxtion for sdu ld wO:i^: 

[n ) J^RpUENCE CHARAL-l'hU?l.'3TlCS : 

<A> LENCnrj! 209 amiixo acidt: 

(B) TYPE: amino cicid 

iC) 5TRAWQEDNESS: einglfr 

[D ) TOPCiLOC"^ ; ^ -i niM t 

(ii) MCCLECULU; TVT=1=^: pn^Lftijl 

(ii±] JlYPOTHiSTICAT.: NO 
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<?5i> Hh^\^^^^'J<'^ DEl=;CrRIPTaQN! fiEQ IQ 150:I.4j 

rirt Val eye Val Str rie Glu Lye rhr Pttd Phe ^isa l^yr, <My t^cr c^s 
L R i-O 15 

Arc? Tl)r Hlc LyK Leu Lye Asp Try^ Ritt Rin ^I'lO' A-;p Cln GLy Le\A 

2U 3D 

VaI Gly Lye Phe iJer 'ilir astj Lys Lyp 'J^hr Tbr Arg Asp Ser Tyr Plie: 
3F. 40 4'% 

'J'hr A3p Veil Ijftij h^l. Glij Tbr Phe Cy?; Lyi: Tjr^> Al;j Glu Lys i?he 

50 bO 

APn j«>n I.y:- Pi LI ^i-'O Lya Pro lie- Tbr- Ch*- l.efij T'TTQ £^Q^r Tyi" Val 

es 'JO vs BO 

Tyr Glu Leu lie Asp Ris fe'ro l^ro Pro 'lyr Pro Val CyB Gly Gly Gi u 

50 

Pro Phe lie Oli? Atif^ Tyr Ly^j Ly/j K.l./J Ami Aj^ji ft-m ^^c^ Oly '2yr 

lOO H.1b no 

VAX sei^ s&r Asp Ala Aug Asn Thr I'ro Oln t^ox yhB Ser His Phe Ser 
L:!."}. 120 L2S 

Tyr nj.ii Lfeo Sfer Asn Glu Leu Leu lie Val Asp lie Gin Gly Val 

125 140 

Asn Aep Tyi^ TJir T-iiip Pi^o Gin lie ]Jie Thr Lys Ssr Gly Glu Hly 

I4f3 lbl> 16^ 

PJie Giy Glu Gly A^n Lc\^ Cly <i.1i' 'j^jt CI^v r>ir:j Hi .-.i I.y-; Phe Leu Gin 
1€5 170 175 

llir H-ir.5 l.yf! eye Asn Pro Val Cys Asp Phe Leti Lys Leu Lys Pro rle 
t^i} l&.S 190 

Asn Oln 3c r Tryii Ly£; Ala Leu Leu 7irg Gly ThDf Leu Pro V^il V^ji 01" 
1D5 20(1 2D5 

Leu 



(2) INTORJlftTlON T'OR SEO 3D BO: 15: 
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(A) LFi>^K?TH: 22n aavino ijfride 

(D) TYPE; aTTliJlCJ sold 

( L>] 1X>PC>I OOV : .1 .1.1 ir-w /: 

P0OLi5r^n.R TYPE: proL.i^ij) 

<iii) hVJ.OTKETICAL : JOO 

(va) OT?TOXMAL SOURCE: 

<A) OKCAt?JJ3Mi Kijnir> j-.^i>.i.tf 11:5 



<3ly <^1\\ *i*Tj> J.r^iJ Ai^i.j A«p Glu Val Lifeu life Lys Met Ala Ser GIrj Pro 
1 5 10 IS 

PJjA Gly Ar^ Gly Alo* Met Arg Clu i>y.?t Srt^c Arq THx ]-y5 /.yp Lc« ftcx 
20 2L 30 

T^>i»^ Leu ][is Ala Gin Gin Trp Lye Gly Al5» Ber Aen 'iyr Val Ala 

^5 

Ly& Arcj Tys- lie Elu Pro V5tl /Lsp Arg Asp Val Tyr Phe Gl\.i Asp vsl 

Atx^ Ltio Gin Met Glu Ala i.y& L^u ITp OLy C] \i Ar>3i Ai-y Ri:> 

65 70 75 SD 

Lys Pro I'ro Ijyf; Gin Val Asp life Met Gin Wet Cys lie life Glu IjBu 

9CI 55 

Ijys Asp Arxj T>ji> Gly Lye; Pto Leu Phe Ills Leu Glii Kis Tyr lie Glu 
1 00 'I f^.'i 1 1 1> 

Gly LyB ryr lie Ly?.- 'Tyr R'-sn ft^i: AkJji fter Gly Phe Val Arg Acp Asp 
3:1.^ 12D l2b 

Asn IlB ArL] Leu Thr Pro Gin Ala Phe Ser His i^he ilir Phe Cl\j Arg 
130 I.^G 140 

Ser Gly Hie Gin T.l.f^ V^l Vwl .JSiftp lie Gli^ Gly Val Gly Asp Leii 

14S 15^^ 'f'O 

Tyi:- Thj^ Asp Pro Cjln llr- 'T'hr ^ilo T^ir C^il.y Ttii:- AkSp Plie Giy A£*p 

165 17U iVb^ 

CJly ^UTi J.rtQ Gly val Ar? Gly Met Al^i Low The I'hc 'JCVr J^^r Hd ::=■ 2^1.^? 
ISO IBP". 190 
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Cys RBTi Ar«; THt- CJy.-; <"^:i u p.ki:- MkI. ^"^ I y T.r:"..! Alf? rro Phe Abp lieu ser 

135 JOU 205 

Pto Jiifg Glu Arr^ Asp Aloe Vr<l Asn yln Asrj Thr Lye Leu Leu Gin Str 
p:}0 215 220 

Lye rsl^r He ijeu Arg i^ly Thr Ulu Glu l.ys Cys Gly Jiftir 
225 220 2.^r> 

CiJ iNPOWMATIOW FOR GGO ID JX5:L6: 

< i I flF^CTENCE CimRri'lTTERI CTICD : 

(A) LJh:>?U'mi .^cniQo ycii?r> 

(P) TITPE ! amnino acid 

(C) STT.AnDBL»4ii;E^.S : sincTlO 

(D) TOPOIXXiiT: linear 

MOLECULE T^PE: protein 

( 1 1 -i ) HYPOTHETICAL : NO 

<vl) OKIGINAIj JJOUKCi^: 

CA) 0T^^^2!tHICM: D. diEC'DldfcUm 



ixi) yKOOEWOK DBSCRIPTiaN: SEQ ID N0:1C: 

Asn I.V.5 Tt-i? lie Arg Le\i Ser Met Lys Leu Lys Val Glu Arg Lys Pro 
1 G lO ir> 

Phe Ala CHv <^iy Alci Leu Arg Glu Ala Tyr ]£is Thr Val Ser Leu Gly 

ar, .^i> 

VaL Gly Tlir Asp Cn.TJ Jtrsji Tyx- Ptx> fl.l.y TIit; riir; T>ix' I.y?: 1ji-!13 P>i*-- 

4 0 45 

Pro Pr-D Ilr ^-Jiu MeL lie Ser Pro lie Ser Lys Aen Aen Glu Ala Met 
50 FiP ^0 

Thr Gin Lexi Lys J?^13ti Gly Tlir Lytt Clit^ Viil Leu Lyk^ Leu Ty^ Ijyit Lyi^ 

■^'^ l^t' 

an LI fi.la Glu GLn Gin hl^ bcL" Aug Olw I.iw 'l^r- f>hc Afp Val LyB 

Rfi DO 95 

Met Gin Mi^t Vrt.i eye Arg Asp Trp Gly Asn Lys Phe Asn Gin Lys Lys 
100 I or, 

Pjrx> PjM? Lys Lys ilc 01 v T>}itt I^i> M«.l. T'jt> Vrti VjjI Glu Lrv« Tl^:^ 

ll.r^ iJO 1^5 
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A£;p Arg t'rr^ fti^a:* ^tti:- Ai^n Caiy r?i7(i n<? Lew CVe* .^er lie i^lu 

120 14 0 

P^o li€U Le\j Val Civ 01 V T^h*-- l.yjj l.y-'.^ ^^r^n A.'tiTI Scr Asxi 'JV^^ <^ly Ala 
'\4r, 150 155 ICQ 

V^l Leu 'Thr Asn Arg Scr 'Vhr Tto i:^ln Als Phr Ser His Plie Thr Tyr 

165 17D 17n 

GLu Leu S*^r Afjn Lye Gin Met lie Val VaL T^p rlef Gin Gly VaI 

lyu 

Aep Leu Tyr Thr A.sp THt? ni ti U.rt Hi;: TtiT- r>Tn A!>v Cly Ly3 GLy Phe 
:l**ri 200 205 

aiy T..H:u Giy Acn Leu Gly Lyet aIr Gly ile A&n Lys Phe lie Thr H^r 
aiO 215 22n 

Kis Ly,9 C!y:: Ala Val Cys Ala Leo Leu Aep ie^ Aap V^il Lyt: Lku 

225 :i30 ^O"^ 240 

<4ly Gly Val Leii ifeM- Cly A»zj Arr^n T..yr.; Lyp Cln Loxi Gin GLn t^ly 
2d5 250 2SS 

Met 



C2) INFOEJ-lTiTIOW i«X>R fiF^J ID WO '17: 

<i) CESQUifiiNCR CHAltAC.TBRrSTTCE: 

(A) liENGTti: ^JA OimiDO cici<Jr> 

(i^) TVT^K : £itn±no acid 

{ C ) DTI? AMl^hJDtlRJje; : uj.jI^ 1 e 

(U ) TOPOLOG'Y : 1 inear 

< i 1 > MOLEfXTUS TTirPE : pDTOt C in 

C 3. i :l ) HVPOTllETICAL : WD 

fvl) ORIGINAL GCtUJiClS: 

<f'A Off rjAWI fiM : D. diBCoic3eum 



(xi) ^^JUEy^P.R DESCRIPTICOg : SEC ID 5^0:17: 

fila rj lii Tre^ Thr Cy& 'l"hr Ala 'lOir L^i. V^^l Lys Val 01 u l?ro V^tl Pro 

L r> 10 15 

Phe Ala <^lw Cly ^^^^ ^"^^^S Liys Ala Tyr ills Tbr Leu Asp Leu Cer 
20 :>n 
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Ijyr- f?cr:v Hiy Ala sex Gly ;*ijt:<r Tyr Vial J..vr> Tic 01 y Ly& L.ys Pro 

lis 40 <15 

Tlir Pro Axg Fro 6rr ^^^"^ ^^^-^-^ -^^P L.ys Met Gin Met lie Ala 

[^0 55 J^O 

J.y.'.? liy-'! Trp Ala Aep Lye Tyr Aeii Ser P>krt Lyt: Prt^ T^i-o J.y:> J.yr. lie 
65 '70 00 

Cilu I'hc 1.^13 Qlij S&r eyes Val Lau f^iu PhK Vwl Ar.;p ^jng .Scr Sior 

'JO 9S 

Aep ieu Lie Oy--'' V ^1^* ^^ro Tyr Val CSlv> <^ly Uln Vyr Ary iya 

100 los J.io 

■JV^ A-^^i ^^"^^ ^-^y ^'^■'^ '"^^^ -^^^ -^^'^ "^^^ '■■'■^'^ ^''^ ^^'""^"^ 

115 1:35 

Ger Phe ticor Hi--.^ ^>i<r^ Thx" -Ty?" "C'^w Hi.^ i^cr A,gn His Gin lien Leu 
1X0 135 Ida 

Il*i iLe Aep lie t?ln Cly Vf^L Oly Asp Hie Tyr Thr Asp Pro Gin He 
14b 15D 155 IfiO 

Kic^ Tlir Tyr Asp Gly VaL Gly Phe Gly He Gly Aan Leu Gly Gin Lye 
1^^ I?0 175 

nly Phe Glu Lys Phc Low A.gp Thr Hi.g Ly& Cy& AsJj ^In. llo Cyg GLn 
a^jQ IDS 19D 

I'yr T.rru Aan Leu GLn Ser iLe Aen Pro Lys z^er Glu Lys Sex Asp Cys 
199 2Q0 2or- 

Gly Thr Vfll Kro 
21D 

(2) rNFQRMATIOJ* FOR f^'^K} HOiIft: 

(1) GEQUEMCis cKAPAC'rF^RT^;TT.c^^ : 

(A) IjENGTE]: 223 amino acida 

If!) STRAMDEISNE&S; aingle 
(D ) Ti>T>OLCyTif • i Ine ar 

(ii!^ McjiJP)C^in-iE TYPE protein 

(iii^ HyPOTHErriCAL : NO 

(A^ OR<^AI^ie«Mi C pr:loqc».ni; 
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Lye Gin 'I'rv T'^"' ^"^J 'a Acjp rife Vai Acp v.nI A/x] l^u H-ir.? iro JLsp ftcr 

15 10 15 

Phfe Ala Arq C]y ft'JjJ Aia^ C^Ilj rjy:. TyT Atx^ J .ov. Lys Oy& 

2D as 3D 

Lyr; Wi:: Gly Thr 5&r Gin Aep Trp iJer :3tr A&n Tyr Val Ala Lye Arg 

40 4& 

Tyr lie Cys Cln ViiH. A:>p Arg At-lj VwT T.c^j Phc Ar^p Asp Viil Arg Leu 
SO 53 60 

01 Ti >le-L. A&p Ala Lys Lexi Trp Ala <^1\1 <Jlv\ Tyr Asn Arg Tyr Aeii Pro 
65 TO 7.S 80 

Pro Lyi> T.y^:! life Asp lie VaL Gin wet Cys Val lie GLu Met lie Asp 
8& 90 

VaL Lye Gly a-er Pro iicv Tyy T^i T^v v T'hc IJ.o C'lu 01 y Lys 

lOD 105 lio 

Vyr lie T.y:i Tyar Asn Ser Aan Ger Gly Phe Val Ser Aan Ala Ala Axg 
115 120 12I> 

Leu Thr Pj.-o ch Iji Phe Ser His p]^e Thr Phe Glu ?irg 5ey Gly ]]ie 

Gill Wet Me-t. V^jI Vw.l Ar;p 11^- Gin Gly Val Gly Aep ieu Tyi: Thr Asp 

15i) IbS 160 

t^ro <^ln Tlr^. Hie Thr Val Val <^ly Thr Asp Tyr Oly Asp Gly Asn Lew 
:i*5.r^ 170 L7S 

Gly Thr Arg y MeL Alij Leu Plie Phe Hie Ser Tils Ai^g Cy& Aeii Aep 
IBD 18b 190 

Oye Gl^i Thr Met. Asp lycu ^ior A:5ti Vhr. Gli> J.f7i> ^icr Prrj f^r<.y <31 \i 

:i5?ri 2 GO iD5 

Lie Clu AlA Thr GLu Val Ala Met Cilu Va.1 Ala Ala Lys <^ln Lye Lys 

210 ^I.^ 22fJ 

:=^ftr eye lie Val Prrj Th±" VaI PHe 

[A> iHFOlftMATiaW FOR iJKU ID NO: 19: 
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(L>]l 'lO^C^IJ0^Ty 1 l. Luejij^ 

mOl<ECCJT..T3 TYPKj i^Lhiiir nucleic ^icid 
(Al DEDCRIPTIONj /do-sc; = "OLicTorjucleot ide Primer D" 

(iiij ICYPOTHETICftL: 



(j^l) SEQUENCE DEiJCUIl^J'IOW ; SEQ ITfW.Vi l^ i 
r^-4aTTTGGAC TGGTICAAGAA CCOCC 25 
[3) TWFriRWATION FOR :3E0 ID HO:20i 
<il SEQUENCE CfiAEACi'b«I&TrC&: 

[A) T.EHC-JTU: 16 amino acids 

(B) TYPK: ami.Tio nrsnri 

(n) KTR/Li'iDEDNECS : single 

<iiJ WJl^i:5CULE TYPR: peptide 



(xl) EEQfUBNCK DRJTlCRIPmOH: SEQ ID NO: 20: 

ArQ Lye J_.y& T^htt dly Glii Seir Glu ijys Thr l.ys Thr LyB Glu Phe Leu 
lb 10 IT. 



(2) INFORMATLOl^ POP l?Kt> 3D NO:21: 

SEQUEwCJi; CHATvArrrERisrrcs : 
CA) LENGTH: L3 amina acids 
(B) 'I'^PT?: At^iiiiD acid 

(1)1 TOPOLOGY: linear 

Ixl) lM0T.T3f:ULjE T^PE: pfcptidte 

Uii) KVT>OTMBTICAL: NO 
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(X.L) SEQUEKCE DES<JlKIPaTL>W : SlSQ ID NO: 21: 

lirto ThY PiD Gin Als The ser His t^he rhr Phe Glu Jirg 
1 G iO 

i;3> J:NT?0RMATI0N for SBQ id WCI:22: 

(i) SEQUEJgCE CHAKAC/'BRI&TiC.*^ : 

<AJ r.EWGT]]: ID aTnino acidfl 

{D> TOPOLCCY; Haic^r 
fill) HYPU'J'KUTICAT.. Kk^ 



Leu Aia Asn Tyr Tyi- cnv T.yj W.a Oixi 

I 5 ID 

(i) DfWFOJVMATION FOR DEQ ID NOr^Ji: 

(A) j.FJWnTH: 2 9 base pairs 
(D) rypBr nudoi.ri K>c-^r? 
(r) fiTRTOiDEDNGs:? : single 

( D) VOPOUX^V ; H Ti t-ra T- 

(ft) DEGCRI prion: /d&BC = "Oligonucleotides'^ 
(.1.3 I) HYPOTlIETrCALi WO 



[xi) !?TI50T3ENCE DE5CRIPTLON: SEQ ID NO: 22: 
CJAt^lGO^'l'JWN >JWC:ANTTNAC NTTNGANNG 2 5 

ir4i'<>RMATT0N POP GEO ID ND:24: 
<l} SEQ^TRNCE C]I7lRACTEIlISTICS: 
(B) TYPE: nxicleic: acid 
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il» TOPOLOSY: linear 

MOLECULE TYPK ; Dthcr nvc:1*^nc: or^id 

^A) I>F:J>CT=MPTIcaa : /(5;eEC = "Oligonucleot ides'* 



{xi) SGQUEKOlS DBPCRTPTIDN: SEQ ID NO: 24; 

rKFUimflyiDN FW SEO id MD:25: 

'JYPRj nucleic acid 

topoIjOGY: linear 

[■li) MCiLECTJLE TYPE: Other ntJclcxQ a Did 

lA) I]J3*5f-'RrPTlDN: /desc = ^ol igoniicleotidee" 

(iii) RYTJt>TKETIC/«iL: }»0 



(xi} SEQUENC13 OEBCT^TPriOM > SE^ ID ND:25: 
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